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Abstract
The G0 collaboration has measured parity-violating asymmetries in elastic electron-proton and
quasi-elastic electron-deuteron scattering at Q2 = 0.22, 0.63 GeV2. These asymmetries are sensitive
to strange quark contributions to electric and magnetic properties of the nucleon, as well as to the
axial current of the nucleon. The measurements were made using the polarized beam at Jefferson
Laboratory by detecting electrons scattered at ∼110o from liquid targets. Together with previous
results from the G0 forward angle measurement, the form factors which characterize the strange
electric, strange magnetic and axial contributions were found to be
GsE(0.221 GeV
2) = −0.0142305 ± 0.035562 ± 0.0181952 ± 0.0176497
GsM (0.221 GeV
2) = 0.0833777 ± 0.18337 ± 0.0854892 ± 0.0780912
GeA(0.221 GeV
2) = −0.501236 ± 0.317127 ± 0.193005 ± 0.0878386
GsE(0.628 GeV
2) = 0.110227 ± 0.0488068 ± 0.0296044 ± 0.0236998
GsM (0.628 GeV
2) = −0.12354 ± 0.10953 ± 0.0614285 ± 0.0316972
GeA(0.628 GeV
2) = −0.197329 ± 0.425414 ± 0.256755 ± 0.0948741
with statistical, point-to-point systematic and global systematic uncertainties given respectively.
These results indicate small (<10%) strange quark contributions to the charge and magnetic nu-
cleon form factors at the measured momentum transfers and are also consistent with a signcant
reduction in the magnitude of the effective axial form factor compared with that measured in neu-
trino scattering experiments, providing the first experimental information on the nucleon anapole
moment.
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The late 1940’s and early 1950’s were highly productive times in nuclear physics which saw
the discovery pi and K mesons along with Σ, Λ and ∆ baryons. Grouping and categorizing these
new particles by charge and isospin together with the proton and neutron lead Gell-Mann and
Nishijima to introduce a new quantum number related to the strong interaction, “strangeness“.
This eventually lead to the birth of the constituent quark model of hadronic matter in 1963 by
Gell-Mann and Zweig in which hadrons are composed from three favors (up, down and strange) of
fundamental spin 1/2 Dirac particles known as quarks [1]. In 1965, in an attempt to explain the
existence of the ∆++ (uuu) particle, an additional SU(3) gauge degree of freedom (color charge)
was proposed for the quarks, implying for the first time that quarks may interact via exchange
of gauge bosons, called gluons. In 1969 deep inelastic scattering experiments conducted at SLAC
confirmed that hadrons were indeed composed of real point-like quarks which were not simply a
mathematical formalism. By the early 1970s, the quantum field theory describing the interaction
between quarks and gluons, Quantum Chromodynamics (QCD), had been established, eventually
including three additional heavier quarks, charm, top, and bottom. This, together with electroweak
interaction, comprises the Standard Model (SM) of particle physics.
One of the most interesting features of QCD is that the interaction strength between quarks
grows with distance. This leads to the phenomenon of color confinement, in which an individual
quark cannot be liberated from hadronic mater. It also means that perturbative versions of QCD
are only valid at distance scales much smaller than the typical size of a nucleon. Describing QCD
at this scale, ∼1 fermi (fm), on the other hand, is a complicated problem. At the corresponding
energy scales, protons and neutrons are composed of up and down valences quarks as well as a
sea of gluons which fluctuate into quark/anti-quark pairs comprising u, d and s flavors. In much
the same way that understanding how the vacuum fluctuation effects from photons contribute to
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properties of the electron helped solidify QED, studying the quark-gluon sea helps us understand
QCD and ultimately the composition of matter in general.
Since ordinary nucleons have valence quarks with u and d flavors, the properties to which
the strange quarks may contribute in these systems uniquely reflect effects of the sea. Thus, a
considerable amount of effort has been put into both theoretical and experimental development to
measure and describe the contributions of strange quarks to fundamental properties of nucleons
over a large range of energies. What follows in this chapter is a summary of efforts to characterize
the physics of strange quarks in the nucleon, with particular emphasis on the main focus of this
thesis, the nucleon vector form factors, a large part of which follows the notation and formalism
used in [32, 75, 76].
1.1 Strange Quarks in the Nucleon
A large international experimental program has been underway since the 1970s, with the explicit
purpose (sometimes within larger experiments) of measuring the various strange observables of the
proton and neutron over a broad range of four-momentum transfers.
1.1.1 Strangeness Contribution to the Nucleon’s Longitudinal Momentum
The NuTeV collaboration at Fermi Lab measured the existence of s quark contributions to nu-
cleon properties through deep inelastic neutrino-nucleon scattering. They used charm production
from the charged current weak interactions between muon neutrinos νµ and quarks (predominantly
sensitive to the s quarks due to Cabibbo suppression of the d contribution) to probe quark distri-
bution functions, qi(x), which indicate the number density of finding a quark of flavor i carrying
a fraction, x, of the nucleon’s total momentum. They report a ratio of the total fraction of the





0 s(x) + s¯(x)dx∫ 1
0 u¯(x) + d¯(x)dx
= 0.42± 0.07 ± 0.06 , (1.1)
at Q2 = 16 (GeV/c)2. They also report the total fraction of the nucleon momentum carried by
strange (anti-strange) quarks at ∼ 2%. This is also evidenced in the CTEQ parton distribution
2
functions [3] (Fig. 1.1) which show sea partons (s, gluons etc.) dominate only for low momentum
fraction, x. Additionally, the difference between strange and anti-strange distributions have been
found to be small, 0.00203± 0.00056(stat)± 0.00055(syst)+0.00150−0.00109(external) [4]. This result repre-
sents a clear signal that the existence of strangeness in the quark/antiquark sea plays a significant
role in the description of the nucleon.
Figure 1.1: Parton distribution functions for Q = 2 GeV, where x is the momentum fraction of the
total nucleon momentum carried by the parton.
1.1.2 Strange Contribution to the Nucleon Mass
The mass contribution of the strange quark to the nucleon has been studied using pion-nucleon
scattering measurements in conjunction with input from hyperon mass determinations. As the
quark masses approach zero, the chiral limit, the mass of the nucleon approaches a non-zero value
M0, coming from the gluon and q¯q condensate alone. However, when the masses of the quarks are
allowed physical values, additional terms in the scalar matrix element contribute to the mass of
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the nucleon as
MN = M0 + σˆ + σs + heavy quark terms (1.2)
σˆ = mˆ〈N |u¯u+ d¯d|N〉 , (1.3)




. The effect from the heavy quark terms is typically taken to be small and
negligible.
Hyperon mass splitting effects due to the SU(3) breaking [5] provide one channel to explore
these scalar matrix element contributions. To first order the mass difference between Λ and Ξ





)(1− y)σˆ =MΛ −MΞ (1.5)
where MΛ and MΞ are the masses of Λ and Ξ hyperons, respectively, and
y =
2〈N |s¯s|N〉
〈N |u¯u+ d¯d|N〉 . (1.6)
Usingms/mˆ ∼ 26 [6], and y = 0 gives σˆ ∼ 25 MeV (35 MeV [7] with higher order chiral corrections).
These results can be compared directly with the analysis of the pi−N “sigma term”, ΣpiN .
Experimentally, ΣpiN is related to the isospin even pi−N scattering amplitude which is sensitive to
the mass terms through
ΣpiN ' σˆ(t = 2m2pi), (1.7)
where t is the four-momentum transfer squared to the nucleon. Obtaining a physically meaningful
value using this experimental technique however requires an extrapolation of the experimental data
using phase-shift analysis and dispersion calculations [8]. This has been done [7] for data with t
ranging between -5000 and -300 MeV2. The result at t = 0 (needed for mass relations) is a value
for σˆ of ∼ 45 MeV with a strong dependance on t.
The discrepancy between 35 and 45 MeV is an indication that strange quarks contribute to the
scalar matrix element with y ∼ 0.2. Using a typical bare light quark mass of mˆ ∼ 5 MeV [9] and
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ms/mˆ ∼ 26 [6] leads to a determination of the strange mass term
σs = ms〈N |s¯s|N〉 ∼ 130 MeV , (1.8)
suggesting that the strange quarks contribute sizably to the nucleon mass. One should take note
that these techniques are highly model dependent and systematics limited. Comparing to lattice
calculations, σˆ(t = 0) ∼ 45 − 55 MeV [10][11] and varied results for separate analyses [12][13] the
uncertainty of the strange scalar matrix element 〈N |s¯s|N〉 is at the 100% level.
1.1.3 Strangeness in the Nucleon Spin




i (x), with ↑ (↓)
indicating the component of quark spin aligned (anti-aligned) to the total spin of the nucleon. The




[q↑i (x)− q↓i (x)] dx , (1.9)
where qi can be a quark or anti-quark of flavor i (u,d,s,. . . ). It has been determined experimentally
that the total spin from the quarks does not make up the total spin of the nucleon. This ”spin crisis”
is the origin of extensive ongoing study of the spin-flavor structure of the nucleon in deep-inelastic
scattering(DIS), the details of which will not be described here. Additionally, ∆qi is related to the
nucleon axial current matrix element as
∆qiσµ = 〈p,(σ|q¯iγµγ5qi|p,(σ〉. (1.10)
where σµ is the covariant spin vector of the nucleon.
Polarized inclusive DIS of electrons (or muons) from the nucleon is described by two polar-
ized structure functions, g1(x,Q2) and g2(x,Q2). To the leading order in parton models, g1 is































in which the contributions of a quark and anti-quark of a given flavor are combined. Multiple
experiments have been carried out at CERN [14, 15], SLAC [16, 17] and DESY [18] to determine
g1 over a large range of x and Q2, and thus constrain ∆s. Additionally, the Bjorken sum rule puts
a second constraint on ∆u and ∆d as [19]
∆u−∆d = F +D = −gA
gV
(1.13)
where gA and gV are the charged current weak axial and vector charges of the neutron and F and D
are parameters characterizing the charged current matrix element (W±)of the baryon octet [20, 21].
These parameters also characterize the SU(3) relation
∆u+∆d− 2∆s = 3F −D ≡ 2√3g8A (1.14)
and have been determined through beta decay measurements with F +D ≡ −gA/gV = 1.2695 ±
0.0029 [22] from neutron beta decay and 3F − D = 0.585 ± 0.025 from hyperon beta decay data
[23].
Simply solving Eqns. 1.12 and 1.14 for the values of ∆qi with the values of Γ1, gA/gV and
3F −D given above gives
∆u = 0.76± 0.03 , ∆d = −0.51± 0.03 , ∆s = −0.17± 0.03 , (1.15)
indicating that the overall contribution of quarks to the nucleon spin is quite small and ∆s is small
and negative. This historic result [24], was more recently confirmed by HERMES and COMPASS
which obtained ∆s+∆s¯ = −0.09± 0.01(stat .)± 0.02(syst .) at Q2 = 10(GeV )2 at leading order in
QCD. However, this technique is still largely model dependent due to its reliance on spin structure
functions for x dependance as well as relying on the assumption that ∆s = ∆s¯. For these reasons,
determining these values precisely is still extremely challenging.
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Semi-inclusive DIS experiments, in which the scattered lepton and a specific flavored hadron
in the final state are detected in coincidence, can help isolate the contributions to spin from the
individual quark flavors. In particular, by looking at the kaon channels in polarized semi-inclusive
DIS, the HERMES [25] and COMPASS [26] collaborations, have measured ∆s. In a full flavor
decomposition analysis, HERMES has obtained ∆s = 0.028 ± 0.033(stat.) ± 0.009(syst.) in the
range 0.023 < x < 0.6. COMPASS measures ∆s = −0.01 ± 0.01(stat.) ± 0.02(syst.) (with global
fragmentation functions from [27]) in the extended range 0.004 < x < 0.3. The discrepancy between
these results and those from inclusive DIS indicate the current size of model uncertainty in ∆s.
Neutral weak probes are also sensitive to ∆s. It contributes to neutrino-nucleon scattering and
to a lesser degree (suppressed due to the smallness of electron’s weak charge) parity violating elastic
electron scattering. The relevance of this to the axial form factor of the nucleon is described in
sections below.
1.2 Strange Form factors
The measurements described above (in which s and s¯ effects are additive) establish that the
strange quark sea does indeed contribute to the global properties of the nucleon. The remainder of
this document will focus on an extension of this exploration to measuring the strange electric and
magnetic form factors GsE , G
s
M which are sensitive to differences in the distributions of s and s¯ in
the nucleon.
1.2.1 Ordinary Form Factors
A typical quantity used in scattering experiments to describe properties of objects with extended
distributions is the form factor. In general, the form factor, F (Q), is a four-momentum transfer, Q,
dependent function that quantifies the difference between the cross section for scattering (typically








For a heavy spin 0 target and non-relativistic scattering, the form factor above is simply equal to
the Fourier transform of the charge distribution. In scattering electrons from nucleons, things are
slightly more complicated as both charge and magnetization distributions are involved, and the
nucleon can have significant recoil momentum.
In the Standard Model of particle physics, electron (a point-like fermion) nucleon scattering is
mediated via the exchange of vector gauge bosons. In this theory, there are three types of fermion
currents in the electroweak sector, electromagnetic (EM), neutral current (NC) and charged current
(CC), which couple via γ (photon), Z0 and W± exchange, respectively. The relevant Feynman
diagrams are shown in Fig. 1.2.
(a) EM Current (b) Neutral Current (c) Charged Current
Figure 1.2: The Feynman diagrams of three types of electroweak currents and their couplings to
the gauge bosons. [75]
These interactions are typically written in the language of current operators where
Jˆ µEM = Qψ¯γµψ , (1.17)
Jˆ µNC = ψ¯γµ(cV + cAγ5)ψ , (1.18)
Jˆ µCC = ψ¯′γµ(1− γ5)ψ . (1.19)
in which ψ (ψ¯) is the annihilation (creation) operator of the fermion field, γµ (µ = 0, 1, 2, 3)
are the Dirac matrices, Q is the electric charge of the fermion (in units of the proton charge),
γ5 = iγ0γ1γ2γ3, and cV = 2T 3−4Q sin2 θW and cA = −2T 3 are the so-called weak vector and axial
charges of the fermion [75]. The electric, weak vector and axial charges of different elementary
fermions are listed in Table 1.1 where T 3 = ±12 is the third isospin component of the (left-handed)
fermion in the SU(2) weak isospin space, and θW is the Weinberg (weak mixing) angle. It is
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important to note that the EM current is purely a Lorentz vector while the neutral and charged
currents both have a vector and an axial (V−A) component. Here, we focus on the γ and Z0
currents.
Fermion Q T 3 cV cA
νe, νµ, ντ 0
1
2 1 −1
e, µ, τ −1 −12 −1 + 4 sin2 θW 1
u, c, t 23
1
2 1− 83 sin2 θW −1
d, s, b −13 −12 −1 + 43 sin2 θW 1
Table 1.1: Electroweak charges of elementary fermions in the Standard Model.
Applying this picture to the nucleon, its current operator can be written as a sum of the quark
current operators. Eqns. 1.17 and 1.18 lead to electromagnetic and neutral currents for the nucleon











Aγ5)qj |N(p)〉 , (1.21)
in which p and p′ represent the initial and final four-momenta of the nucleon, j represents the quark




A are the electric, weak vector and axial
charges of quark flavor j, respectively [75].
Due to the extended structure of the nucleon, form factors are defined to capture the internal
structure for vector and axial vector couplings as

















in which σµν = i2 [γ
µ, γν ], q ≡ p′ − p is the four-momentum transfer to the nucleon, M is the mass
of the nucleon, and U and U¯ are nucleon spinors. F1, F2 and GA are the Dirac, Pauli and axial form
factors, respectively [75]. The form factors are dimensionless functions of four-momentum transfer
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squared (q2 or Q2 = −q2 > 0). The pseudoscalar form factor, GP , which changes sign under parity
inversion does not contribute to parity violating electron scattering (PVES) described below. F γ1
and F γ2 , the Dirac and Pauli EM form factors of the nucleon, are normalized as
F γ1 (0) = QN , F
γ
2 (0) = κN , (1.24)
at Q2 = 0 where QN is the electric charge of the nucleon (in units of |e|), and κN is the anomalous
magnetic moment of the nucleon (in units of the Bohr magneton). It is customary when discussing
the form factors of the proton to use the Sachs form factors, which are linear combinations of the
Dirac and Pauli form factors
GE = F1 − τF2
GM = F1 + F2 (1.25)
where τ ≡ Q2/4M2N > 0. In this language the electric, GE , and magnetic GM form factors reduce
to the charge and magnetic moment at Q2 = 0, and, in the Breit frame of reference, recover the
physical interpretation of Fourier transforms of charge and magnetic moment distributions [28].
1.2.2 Flavor Decomposition
If one treats the nucleon as being built from its quark content and applying standard electroweak
model coupling to the up, down, and strange quarks, the form factors can be expanded into flavor
components by interaction type. The heavier quarks (c, t, b) have been shown to provide negligible
contributions to the nucleon EM structure [29]. For the standard electromagnetic interaction with































The ”weak charges” in Eq. 1.27 depend on the weak mixing angle which is very accurately known
(sin2 θW = 0.23120 ± 0.00015 [22]). The flavor form factors, Gu,d,sE,M , include contributions from













the up and down quark contributions can be eliminated from the weak neutral form factor revealing
a direct relationship between the strange and electromagnetic form factors
GZ,pE,M = (1− 4 sin2 θW )Gγ,pE,M −Gγ,nE,M −GsE,M . (1.29)
The breaking of the equalities in Eq. 1.28 is generally at the level of 1% or less [30] which is
small compared with the experimental precision with which GZ,pE,M can be measured. The ordinary
electromagnetic form factors of the nucleons, Gγ,pE,M and G
γ,n
E,M , are well determined in the Q
2 range
of current experimental interest as described in Sec. 1.6.1 below. Thus, measurements of GZ,pE,M
allow for a unique determination of GsE,M which reflects purely sea effects of the nucleon.
1.2.3 Parity Violating Electron Scattering (PVES)
Elastic e−N scattering is dominated by the EM interaction, in which the electron and nucleon
exchange a photon, γ with a small contribution from neutral current, Z0 boson exchange. Tree
level Feynman diagrams describing these scattering processes are shown in Fig. 1.3.
The invariant amplitude of these scattering processes are obtained by placing the gauge boson
propagators between the electron and nucleon currents with relevant coupling constants of the
interaction. For the EM interaction in Fig. 1.3(a), this amplitude is given by
Mγ = 4piαJ µ,eEM
gµν
Q2
J ν,NEM , (1.30)
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(a) γ exchange. (b) Z0 exchange
Figure 1.3: The tree level Feynman diagrams of the elastic electron-nucleon scattering via EM and
neutral current interactions.
in which α = 7.297×10−3 is the fine structure constant, Q2 is the four-momentum transfer squared.
J µ,eEM is the electron EM current, which takes the simple point-like form Eq. 1.17, and J ν,NEM is the








J ν,NNC , (1.31)
where g = 0.653 is a dimensionless electroweak coupling constant [22], θW is the Weinberg angle,
MZ = 91.19 GeV is the mass of the Z boson [22], and J µ,eNC and J ν,NNC are the electron and nucleon
neutral currents from Eqs. 1.18 and 1.21, respectively [75]. For Q2 < 1 (GeV/c)2, the neutral
current interaction can expressed as a simple contact interaction with associated coupling constant
GF . With this simplification [75]










= 1.16637 × 10−5GeV−2 . (1.33)
The total invariant amplitude of e−N elastic scattering is given by the sum
Mtot =Mγ +MZ . (1.34)
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This amplitude can then be related to the measurable scattering probability dσ as
dσ ∝ |Mtot|2 = |Mγ |2 + 2M∗γMZ + |MZ |2 , (1.35)
in which the “*” on Mγ indicates the complex conjugate. The orders of magnitude of the three
terms in Eq. 1.35 can be estimated be examining the relative sizes of couplings. For Q2 < 1 GeV2,



















∼ 1 : 2× 10−4 : 9× 10−9 .
For this reason the electron scattering cross section, which depends on the two independent form
factors F1(Q2) and F2(Q2) is conventionally written
dσ
dΩ




















where κ is the anomalous magnetic moment, M is the mass of the nucleon, α is the fine structure
constant, E is the initial electron energy, and E’ is the final electron energy [28] because it is
dominated by the EM interaction. As described below in Sec. 1.6.1, a Rosenbluth separation,
from measurements at multiple θ values, can be performed to determine the EM form factors.
However, this technique does not provide sensitivity to weak neutral form factors needed for flavor
separation. Nevertheless, since the weak interaction violates parity (mirror symmetry), parity-
violation in e−N elastic scattering is generated from the interference term 2M∗γMZ . Therefore, a
measurement of the parity-violating asymmetry in elastic e−N scattering provides an experimental
observable which reveals the neutral current contribution.
Experimentally, one measures the neutral weak form factors using the asymmetry present in





where σR and σL are cross sections for right and left-handed longitudinally polarized electrons
scattered from unpolarized targets, respectively. Arising from the interference between the electro-
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M − (1− 4 sin2 θW )ε′GγMGeA
ε(GγE)





1 + 2(1 + τ) tan2 θ2
, ε′ =
√






are kinematic quantities, Q2 > 0 is the four-momentum transfer, and θ is the laboratory electron
scattering angle. In addition to the electromagnetic and neutral weak form factors described above,
this expression also contains a dependence on the axial vector coupling GeA (described below). Thus,
in order to completely separate GZE , G
Z
M , and G
e
A at least three independent measurements are
needed. These form factors combined with existing GγE,M measurement allow for the determination
of the flavor form factors, and in particular GsE,M . A detailed description of the experimental
technique is presented in Chapter 2.
1.3 Theoretical Predictions of Strange Vector Form Factors
Due to the non-perturbative nature of QCD, in the accessible Q2 range, theoretical predictions
of the s quark charge and magnetic form factors rely heavily on modeling and experimental input
parameters. Most calculations focus on the leading Q2 characteristics of the form factors, the
magnetic moment µs, and charge radius rs. The common methods for calculating µs and rs
are through loop or pole hadronic modeling, or lattice calculations. A brief description of these
techniques is given below.
1.3.1 Hadronic Models
Hadronic models rely on strange intermediate states to introduce strangeness into proton and
neutron calculations. The most common of these are loop and pole contributions in which the
proton either fluctuates into a lambda, Λ0, and charged kaon or the exchange boson fluctuates into,
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for example, a vector meson with strangeness, such as the φ. These two models are demonstrated













Figure 1.4: Example of phenological hadronic models which introduce strangeness into the proton.
Kaon loop (left) and phi meson poles (right) diagrams are shown.
Many of the loop models start from an exact SU(3)L × SU(3)R flavor symmetry for u, d and
s quarks and from the chiral (massless quark) limit - so called chiral perturbation theory (CHPT)
[32]. In this limit, CHPT represents an exact solution of QCD, and has been very success at
describing physics in the Meson sector where the physical quark masses, and the mass of the pion
(∼140 MeV) are well below the 1 GeV scale set by Lambda . The treatment of the nucleon with
CHPT is less clear as the mass the the nucleon (roughly the same scale as Λ) becomes a relevant
parameter, thus perturbative calculations are more challenging. In addition to dealing with the
large size of the nucleon, this technique is one which relies on the input of measured quantities,
called counter terms, needed to cancel divergences coming from kaon loops, for predictive power
eg.[51, 32]. For strange properties of the nucleon, this theory is non-predictive as µs and rs come
from sums over the counterterm and loop contributions. Calculations beyond CHPT or clever
modeling are needed to obtain predictions that might guide nucleon strangeness measurements.
In the kaon loop model, a consistent chiral expansion is abandoned and the proton is typically
taken to fluctuate into a strange meson and a hyperon state. Most typically this ’intermediate
state’ is modeled as a kaon (K+) containing an s and a Λ hyperon containing an s quark. This
allows the strange content to spatially separate, resulting in a non-zero strange magnetic moment
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and charge radius. A common feature among the various calculations using this method is the
prediction of a positive strange charge radius, arising from the fact that the lighter Kaon carrying
the positively charged anti-strange quark is further from center of mass of the system than the
heavier hyperon. This model is appealing because it is directly motivated by the pion loop model
used successfully in chiral perturbation calculations for the nucleon. However, for studying the
strange form factors, higher order terms as well as re-scattering effects are import for an accurate
picture. Geiger and Isgur made a quark level calculations, including a complete set of allowed
intermediate loops (beyond Λ excitations), and from cancellations between contributions from all
intermediate states, arrived at a small but positive µs (in the closure limit, where all intermediate
state energies are equal, rs and ms = 0) [49].
In the pole model (vector meson dominance), the strange content of the proton is introduced
by allowing the exchange photon or Z boson to fluctuates to a vector meson, typically ω and φ, for
the isoscalar response. One should note the φ is primarily an ss state. This technique involves the
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where mv is the vector meson mass [32]. In one calculation performed independently by Megrell
et. al. and Hoehler et. al. three poles were required: two to recover observed dipole dependence
and a third to achieve reasonable χ2 values for fits. Jaffe has identified the third pole as that of
the φ meson [35], giving a negative µs.
Other attempts have been made to combine the two approaches described above using dispersion
relation analyses which sum over all intermediate states and assume only analyticity [34]. The full
dispersion relationship for the electric and magnetic radii is given by












where ImGsM,E(t) is proportional to all nucleon states carrying quantum number of s¯γµs. For
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example the 3pi state can resonate into an ω which mixes with the φ (s¯s) providing strangeness as
discussed above. K+K− loops also contribute, but so do kaon contributions at all orders including
the φ(1020) resonance [34]. The result of such calculations including known strange producing
resonance measurements indicates a sizeable strange contribution and is provided in Sec. 1.3.3.
Additionally, SU(3) extensions of the Skyrme model which treats baryons as solitons from meson
fields have been attempted [32]; however these models are only justified in the large Nc limit of
QCD, and have no explicit quark degrees of freedom. Therefore, their prediction of strange nucleon
properties are somewhat unstable. Constituent quark type approaches such as the Nambu-Jona-
Lasinio model have also been used with results shown below. Excited hyperons and strange mesons
are also included in some treatments, and these contributions seem to be numerically significant.
1.3.2 Lattice Calculations
Lattice Quantum Chromodynamics (LQCD) offers a non-perturbative, first principles approach
to calculating strangeness in the proton, by applying QCD on a lattice of spacetime points. How-
ever, current limits in computational technique and power keep full calculations in the future.
Typically, lattice calculations have used a quenched (static) approximation and are only possible
using unphysically large quark masses. They have also primarily been performed at low Q2 values
for comparison with the existing world data set.
The results of many of these calculations are shown in (Figure 1.6). Recently Wang et. al. [36]
have determined the u and d quark contributions to the proton magnetic form factor at finite mo-
mentum transfer with chiral corrections to quenched lattice ”data”. They use HB(Heavy Baryon)
CHPT at next-to-leading order and include disconnected quark loop terms which are calculable on
the lattice in the valance sector with relations established by assuming charge symmetry. These
values are combined with the experimental values of the proton and neutron magnetic form factors
along with charge symmetry assumptions to deduce values for the strange magnetic form factor at
Q2 = 0.23 GeV2 of
GsM = −0.034 ± 0.021. (1.43)
Additionally the χQCD collaboration has performed a chiral extrapolation over a broad Q2 range
for the strange form factors shown in Fig. 1.5 [37]. This is a full QCD lattice simulation which
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Figure 1.5: Lattice results from [37]. The chiral extrapolated results for GsM (left) and G
s
E (right)
plotted with solid lines. The shaded area represents the error band (both statistical and systematic)
from the chiral extrapolation. Shown together are the lattice data with statistical uncertainties for
mpi= 0.60 (circles), 0.70 (triangles), and 0.84 (squares) GeV respectively.
give GsM (0) = -0.017(25)(07), where the first uncertainty is statistical, and the second reflects the
uncertainties in Q2 and chiral extrapolations.
1.3.3 Results Summary
When the results from the various hadronic models, lattice calculations, and other techniques
are compared, a picture which is quite varied in both sign and magnitude appears (Fig. 1.6), yet
seems to favor negative values for µs. Experimental data at low Q2, however, if anything, favor
the opposite, namely that µs has a non-negligible positive value.
1.4 Axial Form Factors
1.4.1 Axial form factor formalism
The axial current contribution to scattering from the nucleon are parameterized in terms of
















































Figure 1.6: Theoretical predictions for µs ≡ GsM (Q2 = 0) (blue) and r2s (red). (a) Poles [35] (b)
Kaon Loops [38] (c) Kaon Loops [39] (d) Kaon Loops [40] (e) SU(3) Skyrme (broken) [41] (f) SU(3)
Skyrme (symmetric) [41] (g) SU(3) chiral hyperbag [42] (h) SU(3) chiral color dielectric [43] (i)
SU(3) chiral soliton [44] (j) Poles [45] (k) Kaon Loops [46] (l) NJL soliton [47] (m) QCD equalities
[48] (n) Loops [49] (o) Loops [50] (p) Dispersion [33] (q) Chiral models [51] (r) Poles [52] (s) SU(3)
Skyrme (broken) [53] (t) Lattice (quenched) [54] (u) Lattice [55] (v) Lattice (chiral) [56] (w) Chiral
quark [57] (x) Quark soliton [58] (y) Lattice [59] (z) Lattice [36]














A −GdA) +GsA . (1.44)
Here, the zero momentum transfer axial flavor form factor GjA of quark j is simply the contribution
of quark j to the net spin of the proton from Eq. 1.10 [75]
GjA(0) = ∆qj . (1.45)
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The form factors in Eq. 1.44 can also be written to isolate the dominant isovector form factor
GT=1A , from the isoscalar SU(3) octet form factor G
(8)
















with τ3 = +1(−1) for the proton(neutron), and with GT=1A , G(8)A ([60]) defined as








A − 2GsA) (1.48)

















With QT=1A = −1 , QT=0A = 0 , QsA = 1, a tree level expression
GZ,treeA = −τ3GT=1A +GsA . (1.52)
gives a very good approximation of the axial form factor measured in neutrino-nucleon scattering
experiments. However, the electroweak radiative corrections to the axial current could play an
important role in electron scattering and for this purpose the form factor GeA, instead of G
Z
A,
represents the radiatively corrected axial form factor measured explicitly in G0.









A summary of the experimental determinations of these parameters is given below.
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As mentioned in Sec. 1.1.3 and in Eq. 1.45, at zero momentum transfer,
GsA(0) = ∆s ∼ −0.09 (1.54)
The Q2 dependance of GsA is often assumed to be the same dipole form as G
T=1
A .
1.4.2 Ge(T=1)A from deuterium PVES





whereAp (An) and σp (σn) are the parity violating asymmetry and cross section for elastic scattering
from proton (neutron). This provides an additional measurement which is sensitive to Ge(T=1)A at
backward proton angles [60]. Therefore, this measurement allows for determination of electroweak
radiative correction to the axial form factor and is important for properly interpreting the result of
backward angle experiments. Obviously one has to apply nuclear corrections to Eq. 1.55. For the
propose of this analysis a complete nuclear model of deuterium including 2-body effects has been
used [61], and compared with partial wave and phenomenological models. A discussion of this is
presented in Chapter 4.
1.5 Radiative Corrections
Eq. 1.38 contains the lowest order contributions from perturbation theory. The inclusion of
higher order (“radiative”) corrections requires redefinition of the theory to make such effects finite
and calculable. One such “renormalization scheme” is MS (or modified minimum subtraction) [63],
in which the correction depends on a renormalization scale µ (typically set toMz = 91.19 GeV). All
radiative corrections to APV described below are evaluated using MS renomalization. A detailed
discussion of these electroweak radiative corrections for parity violating electron scattering are
available in [62], with summary of the main points following below.
Equation 1.32 shows the electroweak interaction reduced to a contact coupling. To maintain this
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simple picture, higher order corrections modify the associated coupling constant at the interaction
vertex, in effect, modifying the weak vector and axial charges. The weak from factors in Eq. 1.38
use six weak charges (three vector, conventionally, “W”, and three axial vector, “A”), defined in
Table 1.56 in terms of the associate quark charges from Eq. 1.21. The corrections to the tree level
values are made as



































A = 1 =⇒ Q(0)A = 1 +R(0)A . (1.56)
The “one-quark” corrections to the scattering, in which only a single quark is involved [60, 64]
typically dominate these terms. Two representative higher order “one-quark” diagrams are shown
in Fig. 1.7. Fig. 1.7(a), showing the γ−Z0 mixing diagram, in which a Z0 and γ couple to a qq¯ loop,
is referred to as the vacuum polarization correction and is analogous to e+e− loop effects QED.
Fig. 1.7(b) shows a γ−Z0 box diagram and is one classification of 2-boson effects that include γ−γ
and Z0−Z0 effects as well.
(a) γ−Z0 mixing diagram (b) γ−Z0 box diagram
Figure 1.7: Two representative “one-quark” radiative correction diagrams.
The R parameters above are common in the parity violation literature and can be written in
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terms of the more general radiative correction parameters defined in the Particle Data Book (PDG)
[22]. The PDG parameters are introduced into the formalism for PVES as a set of constants, C1u,
C1d, C2u and C2d, to describe the coupling of the electron current to the quark current. Specifically,
C1u and C1d (C2u and C2d) are the parity violating coupling of A(e)×V (q) (V (e)×A(q)) with “e”
and “q” representing the electron and quark, respectively. The C parameters are, in turn, written
















Z) + λ1d ,
C2u = ρ2(−12 + 2κ2sˆ
2




− 2κ2sˆ2Z) + λ2d , (1.57)
in which all quantities are evaluated in MS, and sˆ2Z = 0.23120(15) is sin
2 θW with the renormal-
ization scale at MZ . At the tree level, ρ1 = ρ2 = κ1 = κ2 = 1 and λ1u = λ1d = λ2u = λ2d = 0.
For reference, the connections between these set of C parameters and the cV and cA parameters in
Eq. 1.56 are
cu,c,tV = −2C1u , cd,s,bV = −2C1d ,
cu,c,tA =
2C2u
1− 4 sin2 θW
, cd,s,bA =
2C2d
1− 4 sin2 θW
. (1.58)
In Table 1.2, the ρ,κ,λ parameters from [22], as well as associated values of the C and c are
given. The standard model (SM) values of the weak charges of the nucleon, and the corresponding
R factors, are computed by substituting for the tree level c parameters their SM values. The
tree level weak charges, SM weak charges, and their corresponding correction R factors are shown
in Table 1.3. The uncertainties associated with these one-quark corrections are negligibly small
compared to the “many-quark” correction to the axial charges discussed below.
The radiative correction to the weak couplings, in addition to “one-quark” corrections shown
above, also contains heavier quark contributions, and “many-quark” electroweak radiative correc-
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λ1u 0 −1.80 × 10−5












Table 1.2: The tree level and radiatively corrected (“one-quark”) electroweak coupling parameters
for electron-quark interactions. The table on the left contains the values from [22]. The right table
contains the C and c parameters calculated from Eq. 1.57 and Eq. 1.58.
Quantity Tree SM R Factor Value
QpW 0.0752 0.0711 R
p
V −0.054568
QnW −1 −0.99 RnV −0.011679
Q(0)W −1 −0.99 R(0)V −0.011789
QT=1A −1 −0.82 RT=1A −0.173
QT=0A 0 −0.44 RT=0A −0.253
Q(0)A 1 0.45 R
(0)
A −0.550
Table 1.3: The tree level (SM) and (“one-quark”) radiatively corrected weak charges, and the
radiative correction factors, defined in Eq. 1.56.
tions. The complete radiative values then depend on the sum of all these contributions as
R = Rheavy +Rone−quark +Rmany−quark . (1.59)
The modification of the hadronic NC coupling due to the heavy quark (c, b, t) contributions [29] is
small and Rheavy is therefore neglected for the purpose of the G0 analysis.
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The “many-quark” or anapole correction to the parity violating asymmetry involves an ax-
ial coupling of the photon to the nucleon, which leads to the so-called anapole moment of the
nucleon [32]. This correction is a many body effect caused by the quarks inside the nucleon inter-
acting via a weak boson exchange and modifying the nucleon axial coupling.
Zhu et al. have calculated the anapole correction to the axial form factor [64]. They complete
calculations of the “many-quark” diagrams in HBCHPT, to the order of p
2
Λ2χ
, resulting in two terms,
RT=1A (“many-quark”) and R
T=0
A (“many-quark”). They use on-shell renormalization (OSR) scheme






= 1.45 , (1.60)
in which sˆ2Z = 0.23120(15) is sin
2 θW in MS, and s2W = 0.2228(4) is that in the OSR [22]. The
backward angle SAMPLE ([65]) and G0 measurements can be used together with the neutrino
measurements (discussed in Section 1.6.2) to effectively determine RT=1A and check the predictions
of this theory (the isoscalar contribution is significantly smaller [64, 66, 25]).
The “many-quark” corrections are combined with the corresponding “one-quark” corrections
from Table 1.3 in Table 1.5. With no evaluation of R(0)A (many-quark) available, the “one-quark”






one-quark −0.173 −0.253 −0.550
many-quark −0.087 ± 0.35 0.015 ± 0.20 N/A
total −0.26(0.35) −0.24(0.20) −0.55(0.55)
Table 1.4: The “one-quark” [22] and “many-quark” [64] corrections to the axial charges, both in
MS, as well as the total corrections.
The asymmetry expression in Eq. 1.38 can then be expanded with the radiatively corrected
weak charges in Eq. 1.56 to give the full expression of parity violating asymmetry for the proton
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becomes







2 + τ(GpM )
2
]
× {(3(GpE)2 + τ(GpM )2)(1− 4 sin2 θW )(1 +RpV )
− (3GpEGnE + τGpMGnM )(1 +RnV )
− 3GpE(GsE + ηGsM )(1 +R(0)V )
− 3′(1− 4sin2θW )GpMGeA} , (1.61)
in which


























This full expression is used in the final form factor extractions. Additionally, 2-boson radiative
corrections for PVES at the experimental Q2 have also been provided [67, 139] and ordinary
radiative corrections are calculated per Tsai as described in the analysis chapter below.
1.6 Previous Results and Experiments
1.6.1 Form factors Measurements at Low Q2
Determining the nucleon EM form factors can be accomplished experimentally using either
unpolarized cross section measurement and Rosenbluth separation [68] or through polarized degrees
of freedom in elastic scattering [69] which are sensitive to form factor ratios. At higher at four-
momentum transfers greater than 1 (GeV/c)2, the two methods give inconsistent results. The
cause for this discrepancy (believed to be related to radiative effects) is under investigation [77].
The measurements from the polarization measurements are typically more precise and provide the
more trusted data at four-momentum transfers greater than 1 (GeV/c)2. However, in the Q2 range
of interest to G0 the picture is consistent.
26
Fitting the large amount of existing experimental data is an industry of its own. Using a basic




M is no longer a
valid method in light of data now available on the form factors. For example, the dipole fit of GnM
disagrees with the data by ∼ 6% at Q2 = 1 (GeV/c)2 (see Fig. 1.8(a) where the ratios of the data
to the dipole fit are shown). Several new parameterization have been developed to better describe
the data over the entire measured Q2 range. Kelly provides a simple parameterization, consistent




M and a Galster fit for G
n
E [73]. These fits use data sets which
emphasize recoil or target polarization measurements. Friedrich and Walcher have also treated all
four form factors [74] with a seperate phenomenological model using a data set similar to that of
Kelly. Additionally, a parameterization of GpE and G
p
M , based on available cross section data alone,
was made by Arrington in [71], and later extended to include polarized data and two photon effects
[72].
A comparison of these three parameterizations for all four form factors is shown presented in
Fig. 1.8(a) over the low four-momentum transfer range of interest to G0 [75]. The data points in
the plots are Kelly’s choice of data sets from 2004 [73] and despite the differences in each model,
the three fits are reasonably consistent. Kelly’s parameterization is the simplest and lacks many of
the underlying physics assumptions from the other models and is therefore adopted in the analysis
described in the chapters below, both for calculation of ANV S , other asymmetry coefficients for
hydrogen, and for a use in a model of deuterium. In Fig. 1.8(b), the statistical error bands calculated
from the Kelly fits are displayed, together with the fits from the other two models.
Additional polarization measurements from the BLAST collaboration (Fig. 1.9) [77] and forth-
coming results from the E08-007 experiment at JLab will add detail to this picture. New fits are
under investigation to accommodate the preliminary data reported from these experiments. In
any case, uncertainties in the existing data and models make relatively small contributions in the
analysis of PVES experiments. The details of the application of ordinary EM form factors to the
extraction of the strange form factors is explained in Chapter 4.
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(a) Fits of EM Form Factors with Data
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(b) Kelly fit uncertainties.






M with a range of Q
2 from 0.1 to




M normalized by a corresponding dipole fits. The experimental
data in [73] are displayed in (a). The curves are: [blue solid = Kelly [73], pink dot-dashed = Ar-
rington (2004) [71], and black dashed = Friedrich-Walcher [74]]. The Arrington parameterization
is for GpE and G
p
M only. The lower figure (b) contains shows the ±1σ error bands computed from
the Kelly fits. [75].
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Figure 1.9: [77] World data on GnE from double-polarization experiments. The data correspond
to neutron recoil polarization experiments with unpolarized 2H target (open triangles) and exper-
iments with polarized 2H (open circles; solid red dots - BLAST) and 3He targets (open squares).
The data are shown with statistical and systematic uncertainty contributions. The BLAST fit
(blue solid line) is a parameterization of all data displayed based on the sum of two dipoles and is
shown with a one-sigma error band.
1.6.2 Neutrino nucleon scattering
As indicated by Eq. 1.61, the contribution of the GeA term to the parity violating asymmetry
is suppressed by a factor of −1 + 4 sin2 θW ∼ −0.07, the weak charge of the electron. Because this
factor is small, the uncertainty of the axial form factor also contributes proportionately less to the
determination of the strange form factors. Asymmetry measurements for deuterium at backward
angles are sensitive to GeA; determining any effects from a nuclear anapole moment or higher
corrections in general requires knowledge of the form factors observed in neutrino measurements.
The tree level expression of the proton axial form factor given in Sec. 1.4 is a good approximation
of the axial form factor as measured with neutrino scattering. The isovector form factor GT=1A (Q
2)
can be measured via charged current quasi-elastic scattering of νµ(ν¯µ) + n(p) → µ− + p(n), and







where gA = 1.2695 ± 0.0029 is well-measured in neutron β decay, and MA is the “axial mass” of
the nucleon.
Since the early 1970s, data collection from deuterium bubble chamber measurements at BNL,
Fermilab and Cern together with pion electro-production have helped to precisely constrain the
value of MA (Table 1.5) [78]. With this data and updated EM form factors of the nucleon, a
Table 1.5: MA(GeV/c2) values published by µν-deuterium and ν¯µH experiments with ga = −1.267
and M2v = .84
2.
Experiment QE events Q2 (GeV/c2) E¯ν GeV Vector FF MA (pub.)
Mann 166 .05-1.6 0.7 Bartl, Gen = 0 0.95 ± .12
Barish 500 .05-1.6 0.7 Ollsn, Gen = 0 0.95 ± .09
Miller 1737 .05-2.5 0.7 Ollsn, Gen = 0 1.00 ± .05
Baker 1138 .06-3.0 1.6 Ollsn, Gen = 0 1.07 ± .06
Kitagaki 362 .11-3.0 20 Ollsn, Gen = 0 1.05
+.12
−.16
Kitagaki 2544 .10-3.0 1.6 Ollsn, Gen = 0 1.070
+.040
−0.045
Allasia 552 .1-3.75 20 dipole, Gen = 0 1.080 ± .08
Av. νµd 5780 above BBBA2007 1.051 ± .026
ν¯µH → µ+n 13 0-1.0 1.1 dipole, Gen = 0 0.9± 0.35
ν¯µH → µ+n 13 0-1.0 1.1 BBBA2007 σQE
recent global fit of neutrino data was presented in [78], using a parameterization with additional
Q2 dependence while obeying quark-hadron duality constraints at high-Q2. This analysis results in
MA = 1.014±0.014 GeV and serves as the basis of investigations of anapole corrections in electron
scattering.
1.6.3 Previous Parity Violating Electron Scattering Experiments
SAMPLE
The SAMPLE experiment, conducted at the MIT-BATES laboratory beginning in 1998, led
the way in experiments measuring the contributions of strange quarks to the nucleons magnetic
moment. One e-p and two e-d backward scattering were conducted and the combined analysis
(including radiative corrections and coherent neutral pion production) of this data to extract GsM
as well as GeA is described in this chapter.
The experimental setup for SAMPLE is shown in Fig. 1.10. The detector consisted of a set of
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air Cˇerenkov modules designed to detect electrons scattered from a hydrogen or deuterium target
at backward angle (θe ∼ 145◦). An array of ten ellipsoidal mirrors focused the Cˇerenkov light
cones onto an array of ten 8” PMTs. The beam was pulsed at 600 Hz, with the duration of each
pulse ∼25 µs, and a helicity pseudo-randomly selected. Anode currents from the phototubes were







Figure 1.10: The schematic setup of the SAMPLE experiment. The Cˇerenkov photons from
backward-scattered electrons were reflected by the mirrors and focused onto phototubes. Figure
taken from [79].
Data were taken with a beam energy of ∼200 MeV on both liquid hydrogen and deuterium
targets; there was an additional deuterium run at 125 MeV. Detecting backward-scattered electrons,
these measurements were sensitive to the nucleon strange magnetic and axial form factors, with
the contribution from GsE being kinematically suppressed, and deuterium measurement largely
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reflecting GeA alone. The measured asymmetries with hydrogen and deuterium targets were [80]
Ap(Q
2 = 0.1GeV 2) = −5.61 ± 0.67(stat) ± 0.88(sys)
= −5.56 + 3.37GsM + 1.54Ge(T=1)A ppm , (1.64)
Ad(Q
2 = 0.1GeV 2) = −7.77 ± 0.73(stat) ± 0.72(sys)
= −7.06 + 0.72GsM + 1.66Ge(T=1)A ppm , (1.65)
Ad(Q
2 = 0.038GeV 2) = −3.51 ± 0.57(stat) ± 0.58(sys)
= −2.14 + 0.27GsM + 0.76Ge(T=1)A ppm . (1.66)
In these results, the systematic uncertainty is dominated by backgrounds in the data. The second
equality in each expression represents the theoretical predication obtained in GEANT simulation,
and Ge(T=1)A is the isovector component of the axial form factor discussed above. Fig. 1.11 shows
the two results for 200 MeV plotted in the space of GsM vs. G
e(T=1)
A . The dark pink ellipse is
the 1σ error ellipse obtained from combining the hydrogen and deuterium results. The theoretical
prediction of Ge(T=1)A = −0.83 ± 0.26 (the vertical band) by Zhu et al. [64] is also presented for
comparison. The light yellow ellipse in Fig. 1.11 is the 1σ contour obtained by combining the





data alone was found to be
GsM (Q
2 = 0.1) = 0.23 ± 0.36(stat) ± 0.40(sys) (1.67)
Ge(T=1)A (Q
2 = 0.1) = −0.53 ± 0.57(stat) ± 0.50(sys). (1.68)
The second SAMPLE deuterium measurement was performed at Q2 = 0.038 (GeV/c)2 with a
beam energy of 125 MeV. The measured value of Ge(T=1)A was extracted with an assigned value for
GsM of 0.29 ± 0.26 and found to be:
Ge(T=1)A (Q
2 = 0.038) = −1.91 ± 0.75(stat) ± .76(sys). (1.69)
A comparison of the sample deuterium result compared with expectation from theory by Zhu
are shown in Figure 1.12
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Figure 1.11: The SAMPLE hydrogen (blue diagonal band) and deuterium (red band in crossed
hatch) results plotted in the GsM vs. G
e(T=1)
A plane. The inner and outer error bands are the
statistical and total uncertainties respectively. The dark pink ellipse is the 69% confidence (1 σ)
error ellipse from combining the two measurements. The light green vertical band is the theoretical
calculation of Ge(T=1)A = −0.83 ± 0.26 from [64]. The light yellow ellipse is the 1σ error ellipse by
combining the SAMPLE hydrogen results with this theoretical prediction. Figure taken from [80].
1.6.4 PVA4
The PVA4 experiment is being carried out at the MAMI accelerator facility in Mainz, Germany.
They have measured elastically scattering electrons from a liquid hydrogen target for forward angles
at Q2 = 0.108 and 0.230 GeV2 with a corresponding backward angle measurement at the high Q2
value.
The electron beam helicity is flipped at ∼25 Hz. A schematic of the forward angle setup
is shown in Fig. 1.13. Scattered electrons were detected by an array of PbF2 Cˇerenkov total-
absorptive calorimeters, which covered elastically scattered electrons between 30◦ to 40◦ in forward
mode and 140◦ to 150◦ in backward mode. For backward angle running, 72 plastic scintillators
were placed in front of the PbF2 crystals. Used in coincidence with the calorimeter, they enable the
separation of charged from neutral particles. In addition, eight auxiliary water Cˇerenkov luminosity
detectors were placed at very small angle.
33
         
Figure 1.12: Comparison of the two SAMPLE deuterium measurements (solid circles) to expecta-
tion from theory (open circles) using axial radiative corrections as computed by Zhu. The theory




Figure 1.13: The setup of the PVA4 forward angle experiment. Forward-scattered electrons arw
detected PbF2 Cˇerenkov detectors. Cˇerenkov luminosity detectors placed at very small angle are
also shown. Figure taken from [81].
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The Cˇerenkov photons in the PbF2 crystals resulting from scattered electrons are collected by
phototubes. In forward mode, inelastic electrons and photons from pi0 decays are also detected
and the separation of the elastic signals and the inelastic background is made based on their
differing energy loss in the PbF2 crystals. The electronics of this experiment work like a very
fast ADC: the pulses from the phototubes are integrated over ∼20ns, digitized by a fast digitizer
with a threshold trigger, and stored in a first-in-first-out (FIFO) pipeline chip. By this means, the
individual particles are counted, and histograms of the deposited energy of these particles are read
out by the DAQ. A typical energy spectrum for the particles striking the crystals in forward mode
is plotted in Fig. 1.14.

























Figure 1.14: A typical energy spectrum of detected particles in PVA4. The red histogram is the
raw spectrum and the smooth black histogram has been corrected for the non-uniform energy bin
width of the ADC. The energy losses corresponding to ∆ excitation and pi0 production, as well as
the cuts on the elastic electrons are also indicated in the plot. Figure taken from [82].
After careful reanalysis of the electron polarization measurements and using an up-to-date
parametrization of the electromagnetic form factors, the two forward angle measurements of Q2 =
0.230 (PVA4-I) and 0.108 GeV/c2 (PVA4-II), respectively result in [82, 83]




2 = 0.230) = 0.020 ± 0.029 ± 0.016 , (1.71)
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and




2 = 0.108) = 0.071 ± 0.036 . (1.73)
The uncertainty for the Q2 = 0.108 GeV2 linear combination of GsE and G
s
M combines the statis-
tical, systematic, and the nucleon form factor uncertainties.
For the backward measurement [84]:




2 = 0.22) = −0.12 ± 0.11 ± 0.11 . (1.75)
Using,
A0 = −15.87 ± 1.22 × 10−6 (1.76)
where A0 is the no vector strange asymmetry and a value of GeA taken from Zhu et al., the two
Q2=0.23 GeV2 PVA4 measurements, taken alone, give
GsM = −0.14± 0.11 ± 0.11 (1.77)
GsE = 0.050 ± 0.038 ± 0.019 (1.78)
This results is shown graphically in Figure 1.15.
Future PVA4 backward angle measurements at Q2 = 0.63 GeV2 are expected along with a
0.23 GeV2 backward angle deuterium result currently under analysis (see Sec. 4.4).
1.6.5 HAPPEx
HAPPEx is a parity violating electron scattering program in Hall A at Jefferson Lab. Forward-
scattered electrons from hydrogen or 4He targets are focused by two high resolution spectrometers
onto total-absorption detectors situated in heavily-shielded detector huts, creating a clean sepa-
ration between elastically scattered electrons and inelastic backgrounds. The spectrometers are
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Figure 1.15: From [84] at 0.22 GeV2. The linear combination of GsE+ηG
s
M from A4 backangle (solid




bands represent the possible values of GsE + ηG
s
M within the one-σ uncertainty with statistical and
systematic uncertainties added in quadrature. The ellipses show the 68% and 95% C.L. constraints
in the GsE −GsM plane.Theoretical prediction shown are: Diamond, A. Silva et al. [58]; Triangle,
H. Weigel et al. [47]; Square, V. Lyubovitsij et al. [57]; Dashed line, P. Wang [36]; Circle R. Bijker
[85].
arranged to create an approximately left-right symmetric acceptance. Similar to SAMPLE, the
phototube signals from the Cˇerenkov photons are integrated for each helicity state (1/30 s). The
experimental setup is shown in Figure 1.16.
There have been four HAPPEx measurements completed. The first (HAPPEx-1) was performed
in 1998 with a liquid hydrogen target at Q2 ∼ 0.477(GeV/c)2 and θlab = 12.3◦ [86] resulting in
Ap(Q





2 = 0.477) = 0.014 ± 0.020 ± 0.010 , (1.80)
with the first uncertainty being experimental (statistical plus systemtic), and the second uncertainty
arising from the uncertainties of the nucleon EM form factors.
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Figure 1.16: The setup of the HAPPEx experiment. The forward-scattered electrons are detected
by the high-resolution spectrometers. Figure taken from [86].
The next two HAPPEx measurements were performed after the addition of septum magnets to
accept very-forward angle electrons, and the introduction of radiation-hard focal plane detectors
which could survive the increased scattered electron rate. These measurements were performed on
hydrogen (HAPPEx-H-II) [87] and 4He (HAPPEx-He) [88] targets at Q2 ∼ 0.1 (GeV/c)2 (θlab ∼
6◦). The results at Q2 ∼ 0.1 (GeV/c)2 [89] were found to be




2 = 0.099) = 0.007 ± 0.011(stat) ± 0.006(sys) ± 0.012(model) , (1.82)
and
AHe(Q2 = 0.077) = 6.40 ± 0.23(stat) ± 0.12(sys) ppm , (1.83)
GsE(Q
2 = 0.077) = 0.002 ± 0.014(stat) ± 0.007(sys) . (1.84)
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Figure 1.17 displays the combined result for all HAPPEx measurements, taken with Q2 between
0.077 and 0.109 GeV2. The requisite small extrapolation to a common Q2 = 0.1 GeV2 was made
assuming that GsE is proportional to Q
2 and that GsM is constant.















Figure 1.17: The combined result for all HAPPEx measurements, taken with Q2 between 0.077
and 0.109 GeV2
The values
GsE = −0.005 ± 0.019 (1.85)
GsM = 0.18± 0.27 (1.86)
are obtained. The results are found to be insensitive to variations in GZA.
Future HAPPEx forward angle measurements at Q2 = 0.63 (GeV/c)2 are planned (see Sec. 4.4).
1.6.6 G0 Forward Angle
The G0 forward angle experiment measured PVES from a cryogenic hydrogen target in Hall
C at Jefferson Lab using a 40 µA polarized electron beam with an energy of ∼3 GeV [90]. The
beam was generated with a strained GaAs polarized source with 32 ns pulse timing (rather than
the standard 2 ns) to allow for time-of-flight (t.o.f.) measurements. The polarized electrons were
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scattered from a 20 cm liquid hydrogen target. The recoiling elastic protons were detected using a
toroidal spectrometer designed to allow simultaneous measurement of a wide range of momentum
transfer, 0.12 ≤ Q2 ≤ 1.0 GeV2. The spectrometer includes an eight-coil superconducting magnet
and eight sets of scintillator detectors (Figure 1.18). Figure 1.19 shows the backgrounds which
Figure 1.18: Schematic of the G0 forward angle detector setup.
extend on both sides of the elastic proton peak at a t.o.f. of 20 ns. This background is dominated
by quasi-elastic protons from the aluminum target windows and inelastic protons from both the
hydrogen and the aluminum. The measured asymmetry has two components taken as
Ameas = (1− f)Ael + f Aback (1.87)
where Ael is the raw elastic asymmetry and f is the background fraction. The yield was mod-
eled with a Gaussian elastic peak and a polynomial background, while the asymmetry model was
comprised of a quadratic background and a constant for the elastic.
The results of the experiment are shown as a function of momentum transfer in Fig. 1.20.
The statistical uncertainties include those from the measured and the background asymmetries.
The systematic uncertainties are dominated by those from the background correction. The global
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Figure 1.19: Example of the raw asymmetry, Ameas, (data points) and yield (histogram) as a
function of t.o.f. for detector 8.
and point-to-point contributions to the systematic uncertainty are included. The global terms are
determined from the extent to which a change in, e.g., the background asymmetry functional form,












(Aphys −ANV S), (1.88)
where η(Q2) = τGpM/3G
p
E , and D = 3(G
γ
E)
2 + τ(GγM )
2, is determined from the difference between
the experimental asymmetry and the no-vector-strange asymmetry, ANV S . ANV S is calculated
from Eq. 1.38 with GsE = G
s
M = 0 for all values of Q
2, and using the Kelly electromagnetic form
factors. The HAPPEx measurements made at nearly the same kinematic points are also shown.
The sensitivity of the result to electromagnetic form factors is shown separately by the lines on the
plot.
The GsE + ηG
s
M data shown in Fig. 1.20 have a systematic Q
2 dependence, the details of which
are explored with the G0 measurements at backward angles, and MAMI (Mainz).
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Figure 1.20: The combination GsE + ηG
s
M for the G
0 measurement. The gray bands indicate
systematic uncertainties (global in dark grey and model in light grey) to be added in quadrature
(see Appendix A). The results from the HappeX collaboration are also provided.
1.6.7 Global analysis at Q2 = 0.1 GeV2
A global analysis combining the many asymmetries at low Q2 can be performed to provide the
most precise values for GsE and G
s
M . This has been done most recently by Liu et. al. [91] where
the measured physics asymmetries, Aiphys are fit to the form





where ηE,M are the appropriate kinematic terms, and ANV S the “no vector strange” term taken
from the Kelly form factors as above. This analysis includes data sets (described above) from
SAMPLE-H, SAMPLE-D, HAPPEx-H, HAPPEx-He, PVA4-H, and Q2 data from G0 forward angle
up to 0.164 GeV2, each of which appear as band in Fig. 1.6.7. This technique obtains
GsE = −0.008 ± 0.016 (1.90)
GsM = 0.29± 0.21 (1.91)
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with minimum χ2 = 9.90 for 8 degrees of freedom (dof). This result is represented as 1 and 2 σ
confidence ellipses in Fig. 1.6.7.
s
MG



















Figure 1.21: The world data constraints on (GsE , G
s
M ) at Q
2 = 0.1 (GeV/c)2 using the form factors
of Kelly. SAMPLE-H (Eq. 1.64) (solid red), SAMPLE-D (Eq. 1.65) (dashed red), HAPPEx-H-
a (Eq. 1.79) (dashed blue), HAPPEx-H-b (Eq. 1.81) (solid blue), HAPPEx-He-a (Eq. 1.83)
(dashed pink), HAPPEx-He-b (Eq. 1.83) (solid pink), PVA4-H-b (Eq. 1.72) (solid green), and the
lowest three Q2 bins in G0 forward angle (solid black). The yellow and gray blue (dark) ellipses




This analysis disfavors the substantially negative values of GsM predicted by some models and
is consistent with GsE = 0 at Q
2= 0.1(GeV/c)2 . Significant strange quark contributions to the
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magnetic form factor are not ruled out, and point to the need for additional constraints. G0
backward-angle results together with the forward-angle results will provide the first complete de-
termination of the strange form factors at values greater than Q2= 0.1(GeV/c)2 . This will further
constrain the global analysis result and help to clarify the picture of strange quark contributions to
nucleon. Additionally, the first indications of the effects of an anapole moment in the nucleon will
be accessible through the measurement of GeA. The rest of this document will present the analysis
and result of the G0 experiments determination of these form factors at Q2= 0.23, 0.62 GeV2.
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Chapter 2
G0 Backward Angle Experiment
The G0 backward angle experiment was conducted in Hall C at Jefferson Lab (Jlab) in Newport
News, Virginia. The experiment measured parity violating asymmetries from electrons scattered
at ∼ 110o from both hydrogen and deuterium cryogenic targets at two different beam energies, 362
MeV and 687 MeV (359 MeV and 684 MeV at target center). These four measurements, combined
with the previous results from the G0 forward angle program, allow for the determination of
GsE , G
s
M , and G
e(T=1)
A at momentum transfers (Q
2) values of 0.22 and 0.63 GeV 2. This chapter
describes the experimental details of the apparatus, with details from [103, 75, 76], used to make
these measurements emphasizing the changes between forward and backward angle running. The
description starts with the generation of polarized electrons and ends with the recording of raw
electron asymmetries in the G0 electronics.
2.1 Polarized Beam
Of critical importance to the measurement of small helicity asymmetries is the availability of a
well-controlled source of polarized electrons. For the G0 experiment, the Continuous Electron Beam
Accelerator Facility (CEBAF) at Jlab served this purpose. The beam system at Jefferson Lab can
be broken down into three main segments: the polarized source where the electrons originate, the
transport system, and the beam delivered to the three experimental halls, as shown in Figure 2.1.
This section provides a brief discussion of the techniques used in these three segments to generate






































Figure 2.1: Schematic of the CEBAF beam delivery system.
2.1.1 CEBAF Polarized Source
The CEBAF electron beam is generated via the photo-electric effect, where polarized electrons
are ejected from a cathode under exposure to the proper laser light. The polarized source for G0
begins with a 5 Watt fiber laser which generates a train of 780 nm pulses at a rate of 499 MHz.
This laser offers improved locking and power capabilities over the Ti-Sapphire laser system used
in the forward angle experiment. The laser beam passes through a series of optical elements on its
way to the electron emission gun system; a schematic of the laser table is shown in Figure 2.2. A
description of the key optical components as well as major systematics follows.
Fiber Laser
During the G0 forward angle experiment, mode-locked Ti-Sapphire lasers were used to drive
the CEBAF DC high voltage GaAs photoguns for each experimental hall [92, 93]. For backward
































Figure 2.2: Laser Table Schematic. The PPLN (periodically poled lithium niobate) fiber laser
passes through a series of optical elements notably the (IA) intensity attenuator, insertable half-
wave plate, rotatable half-wave plate and polarization Pockels cell. Note: PSS - personal saftey
system.
system uses a low power (mW) laser diode that is typically used in the communications industry
to seed the final amplified output light. The key advantage of the fiber-based laser is that optical
pulses are created via gain-switching, a purely electrical technique driven by an input sinusoidal
signal. The lack of an adjustable laser cavity eliminates the need for feedback loops to maintain
phase-lock of the optical pulse train to the accelerator RF.
The fiber-based laser system has other advantages as well. In particular, fiber-based components
require no cleaning or alignment after connection and generate high powers (several Watts) at 1560
nm. The fiber-based drive laser produces four times the optical power provided by the mode-locked
Ti-Sapphire lasers used previously. This light must be frequency-doubled to be useful for GaAs














Figure 2.3: Schematic of the fiber-based laser system. DFB, distributed feedback Bragg reflector
diode laser; ISO, fiber isolator; SRD, step recovery diode; L, lens; PPLN, periodically poled lithium
niobate frequency doubling crystal; DM, dichroic mirror.
Pockels Cell
The Pockels Cell controls the polarization of the laser light using a voltage controlled birefringent
crystal [92]. When voltage is applied to the crystal the index of refraction along one axis is changed
relative to that along the other. For the G0 experiment, laser light is first passed through a passive
linear polarizer then the Pockels Cell. The Pockels Cell is oriented so that its axes are rotated 45◦
with respect to the direction of the polarized light. High voltage (∼ 700 V) is the applied to the
cell so that the phase of one of the two components of the laser light becomes retarded relative to
the other by a quarter-wave length by the time the light exits, creating circularly polarized light
with a helicity depending on which axis retards more strongly (Fig 2.4).
In essence, the Pockels Cell acts as a quarter-wave plate with a user controllable retardation
sign. It allows the helicity of the light to be changed on an interval by interval basis which in turn
allows the polarization sign of the electrons leaving the gun to be controlled. This is crucial for the
G0 experiment as it allows the helicity dependent asymmetry of the electron-proton cross section
to be sampled on a time scale much shorter than typical slow drifts in beam properties. In practice,
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Figure 2.4: The Pockel cell acts as a controllable quarter-wave plate, turning linear light into
circularly polarized light.
the helicity (left- or right-handed or +/-) of the beam is changed every 1/30 second (a macropulse,
MPS). The 130 second interval was chosen to make the asymmetry measurements insensitive to 60Hz
line frequency noise (integrating over two full cycles) as well as all other noise from harmonics of 30
Hz. Four such macropulses are pseudorandomly (artificially generated random number) arranged
into one of two ”quartet” structures, + - - + or - + + -; the electron cross-section asymmetry of
each quartet is eventually measured. The quartet structure is chosen such that the positive and
negative helicity pulses are measured at the same average time, thereby eliminating the effect of
linear drifts. The asymmetries measure by G0 are calculated quartet by quartet as
Aqrt =
Y1+ + Y4+ − Y2− − Y3−
Y1+ + Y2− + Y3− + Y4+
(2.1)
Aqrt =
Y2+ + Y3+ − Y1− − Y4−
Y1− + Y2+ + Y3+ + Y4−
(2.2)
for the two quartet patterns where Y is the yield, and the indices represent the 4 MPS within a
quartet and the +(-) helicity states. The final measured asymmetry is the mean of all quartet
asymmetries measured over the entire run. This measurement scheme reduces the beam stability
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requirements to a level that makes measurements on the ppm scale achievable.
Insertable half-wave plate
The insertable half-wave plate (IHWP) (Fig. 2.2) is a fixed birefringent optical element with
a thickness chosen to shift the phase of light along the slow axis by pi relative to that along the
fast axis [92]. It has the effect of changing the handedness of circularly polarized light from left to
right and right to left. The G0 experiment uses the IHWP to study systematic false asymmetries
which may be induced by electronic or beam transport effects. With the insertable half-wave plate
inserted into the laser line, the MPS structures listed above are changed from + - - + or - + + -
to - + + - or + - - + effectively changing the the sign of any true helicity-correlated asymmetry.
Non-helicity correlated false asymmetries will not change sign with IHWP state and thus can be
determined by comparing asymmetries with the IHWP in and out.
Intensity Attenuator
The Intensity Attenuator (IA) (Fig. 2.2) is an optical system consisting of an upstream linear
polarizer, a wave plate, a Pockels Cell and a downstream linear polarizer [92]. This system allows
the Pockels cell voltage (0-200 V in operation) to vary the intensity of polarized light leaving
the downstream polarizer by rotating the initial linear polarization through a small angle. Using
the IA, the intensity of light can be varied MPS to MPS, to either balance the charge in each
helicity state to drive the charge asymmetry to very small values or induce charge asymmetries
in the resulting beam structure. In standard running mode this fast charge feedback system is
used to automatically reduce the charge asymmetry. Dedicated studies were also taken with large,
fixed charge asymmetries to study the effectiveness of various asymmetry corrections. These are
discussed further in the Analysis chapter below.
Rotatable Half-wave plate
In addition to the controls described above a rotatable half-wave plate (RHWP) (Fig. 2.2) is
placed in the laser line [92]. The photo-cathode generally has higher emission efficiency for light
with a particular linear polarization direction - its “optical analyzing power”. The axis of the
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RHWP can be rotated to ensure that any ellipticity in the final ”circular” polarized light has its
major axis oriented 45◦ relative to the optical analyzing-power axis of the photo-cathode with and
without the IHWP in the system. Aligning the final light in this way minimizes charge asymmetries.
Ga-As Cathode
When perfectly circular light is shown on a bulk type GaAs crystal, photo-emmited electrons
leave the surface with a maximum polarization of 50% due to the availability of two excitation
channels of the electron into the crystals conduction band (Figure 2.5). To improve the polarization,
a single layer of GaAs can be placed under strain which breaks the energy level degeneracies
in the valance band and allows one to theoretically achieve 100% polarizations. Typical real
world polarizations achieved from such strained crystal cathodes (used in the forward angle G0
experiment) range form 70% to 85%. However, placing the crystal under stain also tends to lower
the quantum efficiency (electron to photon ratio) from values well over 1% to values 0.02-1%,
depending on the wavelength of the incident light.
For the G0 backward angle experiment, a superlattice GaAs photocathode was used [92]. This
crystal was installed and through exposure to atomic hydrogen activated with a negative electron
affinity in 2004. The superlattice cathode is a layered series of GaAs bonded to a substrate to
create the strain. This setup can deliver a maximum polarization of 87% using the laser setup
described above. The QE of the cathode was monitored daily throughout the experiment and the
laser intensity was adjusted accordingly to maintain the beam current required in the experimental
hall. When the QE dropped to a value too low to maintain operation the spot position was changed
or the surface was re-activated.
2.1.2 Injector System
Spin rotation via Wein Filter
The spin rotator used by CEBAF is a Wien filter located in the 100 keV beam line following
the electron gun. The Wien filter is a static electromagnetic device with electric ( (E) and magnetic
( (B) fields perpendicular to both the particle velocity ((β) and each other as shown in Figure 2.6

















Figure 2.5: Band gaps shown for the bulk (a) and strained (b) GaAs crystals. The bulk GaAs
shows a degenerate valance state, which limits the polarization to 50%. Shown here are the left
circularly polarized excitations. The circled numbers indicate the relative transition strengths.
for g-2 precession in the accelerator, without changing the beam orbit, and deliver longitudinally
polarized electron to the halls.
The Wien angle (ηWien) is the angle by which the beam polarization is rotated, in the plane
defined by the electric field and the beam momentum. The Wien angle is directly proportional to
the applied fields (ηWien = η (E + η (B). At the injector beam energy (100 keV) this is dominated by








where the Lorentz factor γ = 1.1957 at 100 keV, g is the electron gyromagnetic factor, and α =
g−2
2 = 1.159652 × 103. The transverse electric field is produced by two electrodes which span the
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length of the filter. A magnetic field normal to the electric field is applied to balance the Lorentz
force on the beam axis,
(F = q( (E + (β × (B) = 0 (2.4)
requiring that |EB | = β. The overall sign of the spin rotation is controllable through a high voltage
relay.
Following the Wien filter, the beam has in general a horizontal polarization component. This
component is rotated about the beam axis by any net longitudinal magnetic field integral. Magnetic
solenoids, used for beam focusing following the Wien filter, are comprised of segments oriented to
provide equal and opposite longitudinal field integrals, thus giving no net rotation out of the plane
to any horizontal polarization component [94]. A vertical component of polarization exiting the
injector can arises from imperfect cancellation of the longitudinal field integral of the focusing









Figure 2.6: Diagram of a Wien filter indicating the rotation of the beam polarization relative to
the beam direction (ηWien) in crossed magnetic and electric fields (
E
B = β ). In this experiment,
the electric field and the spin rotation are in the horizontal plane. [94]
2.1.3 CEBAF Accelerator System
After the Wien filter orients their spin such that they will be longitudinally polarized upon
entering the hall, the electrons enter the accelerator system. The accelerator system, consisting
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of two linear accelerators (LINACs), uses microwaves to accelerate the injected electrons by more
than 400 MeV each per pass (Fig. 2.1). The LINACs are connected via return arcs for up to five
repetitive accelerations. After acceleration to the desired energy (∼690 MeV and ∼360 MeV for
G0 in a single pass), the beam is steered into a hall via the ”switchyard” magnets. The energy of
the beam is measured by a position monitor (IPM3HC12) located near the entrance of the hall in
a dispersive section of the beamline.
The superconducting radio-frequency (RF) cavities used to accelerate the electrons operate at
1499 MHz, with alternating beam delivery to each of the three halls at a rate of 14993 = 499 MHz.
The simultaneous three hall delivery of beam is achieved using three different 499 MHz lasers (one
for each hall) incident on the common GaAs cathode. They are timed to be 2pi3 out of phase with
each other. The accelerator is designed such that it is able to deliver a maximum of 200 µA of
electron beam current at energies up to 6 GeV. The G0 backward angle experiment ran with a 687
MeV and 362 MeV electron beams with an intensity up to 60µA.
For the G0 forward angle experiment, the repetition rate of the beam (31 MHz) was significantly
different from what is usually delivered at JLab in order to identifies particles through time of fight
separation. This condition was relaxed for the backward angle running as a Cˇerenkov detector was
used to provide particle identification.
2.1.4 Beam Line Diagnostics
Once in the hall the polarized electron beam is no longer actively steered or accelerated. Many
diagnostic monitors are available to provide critical characterization of the beam just before and
after interaction with the target. These include luminosity monitors for narrow width electron
asymmetry measurements, beam charge, position, and energy monitors used in determining helicity
correlated corrections, and halo monitoring systems to determine the collimation of the beam in
the hall. The individual components are shown in Appendix E. The primary monitors used in the
G0 analysis are the IPM3HG0/B position monitors, IBC3HG0/B charge monitors, IHM3HG0 halo
monitors, BPM 3C12/08 for energy determination, and LUMIs 1-8.
54
Beam Charge Monitor
In order to constantly monitor the beam current, resonant cavity monitors are employed which
provided relative charge measurements (the absolute value is determined at high energies using
a UNSER monitor). These cavities use cylindrical wave guides whose resonant frequencies are
tuned to the 1497MHz beam frequency [95]. In the main body of the detector, a loop antenna
magnetic field probe is coupled to one of the resonant modes of the cavity and the output from
this is proportional to the electron current which passes through (Fig. 2.7). This provided current
information at the 0.1 µA level.
Figure 2.7: Schematic of cavity BCM.
Beam Position Monitors
The x and y (transverse) position of the beam on the target, is determined continuously by
extrapolating the result from two beam position monitors (BPMs) just upstream of the target
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position. These BPMs consist of a 4-wire antenna array of open ended thin wire striplines tuned
to the beam frequency [95]. A difference-over-sum technique comparing the beam induced signals
on each wire as
X ∝ X+ −X−
X+ +X−
(2.5)
determines the relative position of the beam to better than 100 microns for currents above 1 µA.









Figure 2.8: Schematic of stripline BPM.
HALO Monitor
The CEBAF beam can acquire a diffuse distribution of electrons outside of the primary focus
beam from, e.g, beampipe scraping, scattering from gas in the beam pipe, or self scattering from
the the electrons themselves. In order to reduce detector noise and physical background, this “halo”
was monitored to maintain an acceptable experimental limit (∼ 1 ppm of the beam outside of 3 mm
radius). This halo is measured by passing the beam through holes of 3 mm or 5.5 mm in a 2 mm
thick sheet of carbon (the halo targets). Beam halo interacting with the carbon is then detected
by a set of 8 detectors (bare scintillators, or scintillators attached to lucite) located upstream of













Figure 2.9: Positions of halo target and G0 girder halo detectors.
Luminosity Monitors
A set of luminosity monitors were installed at small forward electron scattering angles. They are
Cˇerenkov detectors comprised of a synthetic quartz scintillator, copper wire mesh filter to reduce
rates seen in the detectors, and photomultiplier tubes. Four monitors were installed at an angle of
3.74o and another four at 3.98o [98]. The azimuthal locations of the luminosity monitors can be












Figure 2.10: G0 luminosity detector. The upstream detectors are in the even octants and are at a
scattering angle of 3.74o. The downstream detectors are in the odd octants and are at a scattering
angle of 3.98o
These monitors are installed to detect the forward scattered Møller and elastic electrons. One
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of the advantages that the luminosity monitors have over the main detectors is that the former have
a much higher counting rate and therefore a considerably smaller asymmetry width. Whereas the
main asymmetries have a width of over 3000 ppm, the luminosity monitors have widths of about
300 ppm. This allows for a measurement of asymmetries with much higher precision. At such small
scattering angles, the asymmetry expected to be measured by the luminosity monitor is <0.1 ppm.
With an asymmetry width of 300 ppm, the asymmetry can be measured with an uncertainty of
about 0.1 ppm over the entire production run. The luminosity monitors have another advantage
that standard beam current monitors (BCMs) and beam position monitors (BPMs) do not have,
in that they can detect electron scattering rates from small beam currents that BCMs and BPMs
cannot see. Also, the narrow asymmetry distributions seen by the luminosity monitors provide
sensitivity to target density fluctuations which cause a measurable broadening of the widths.
Parity Quality Beam
The beam parameters monitored for helicity-correlation were beam charge, x and y beam
position, x and y beam angle, and beam energy. The x and y positions and x and y angles at
the target were determined using the BPMs mentioned above and are a few meters upstream of
the target. Each BPM is capable of measuring both the x and y position of the beam, so the two
transverse positions and two angles of the beam at the target can be determined.
Changes of these beam properties with helicity state can induce helicity-correlated (HC) false








where the dYdPi represent the response of the measured detector yield to changes in the six beam
parameters, and the δPi are the HC beam parameter differences. The calculation of these HC beam
parameters using the beam line monitors are calculated as
Charge asymmetry = Aq =
I1 + I4 − I2 − I3
I1 + I2 + I3 + I4
(2.7)
Position Angle and Energy differences = δPi =




The charge asymmetries induced during helicity flips are controlled via a beam feedback system.
These effects are also studied in coil pulsing runs where the beam is modulated to induce controllable
position and energy differences. The associated detector responses are recorded. A linear-regression
procedure is applied during analysis to further correct remaining helicity-correlated beam param-
eter effects and will be described in the Analysis chapter below. The asymmetries measured in
the G0 backward angle experiment are about nine times larger than those in the forward angle
measurement, so it was expected that previously achieved beam specifications would be more than
adequate to provide ”parity quality” beam. Further natural dampening of the position differences
(adiabatic dampening) eliminated the need for position feedback in the backward angle configura-
tion. This effect, which scales roughly with γ, occurs as longitudinal momentum increases during
acceleration while transverse momentum does not (although the actual damping effect depends a
great deal on the tune of the beam optics).
2.1.5 Beam Polarization Diagnostics
Møller Polarimeter
Once in the hall, the beam’s polarization is measured with a Møller polarimeter [94]. The Møller
polarimeter measures the left/right asymmetry in polarized e−e− scattering from the beam striking

















where PBi and P
T
i are the beam and target polarization along the coordinate i. For the G
0 back-
ward angle experiment the first quadrupole of the system was shifted about 8.5 inches closer to
the superconducting solenoid, improving focussing of low energy electrons and enabling Møller
measurements at 687 MeV. However, attempts to make measurements at 362 MeV were largely
unsuccessful (there were a few low precision measurement taken at 0.5 and 1 Tesla) and the Mott
polarimeter, described below, was used instead.
The Møller polarimeter was use to take a series of 18 measurements over the span of one
year. The analyzing power for each measurement was extracted oﬄine using a detailed simulations
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which included fringe field effects in the quads, beam offset effects, and the impact of the Møller
collimators. In addition, the analyzing power was corrected for the fact that the polarimeter
solenoid ran at 3 T instead of 4 T due to unavoidable beam steering effects at low energy (a +0.1%
correction) and for beam heating effects (a +0.2% correction). The individual measurements were
averaged over half-wave plate states since no difference was seen between half-wave plate IN vs.
OUT. The dominate systematic uncertainties were a 1% contribution from observed reproducibility
associated with beam tuning, followed by .5% uncertainties related to target polarization. With
point-to-point systematic uncertainties included, the χ
2
dof of a single parameter fit over the Møller
data set was found to be ∼0.80. A single value for the entire running period was extracted from the
constant fit using the statistical uncertainties only, with the systematic uncertainty terms added
in quadrature (Fig. 2.12) [99]











Figure 2.11: Schematic of the Hall C Møller polarimeter.
Mott Polarimeter
The Mott polarimeter (Fig. 2.13), installed in the 5 MeV region of the injector, was also used
to make additional polarization measurements during the G0 backward experiment. It provided a
consistency check with the Møller measurements during the 687 MeV running, and was used validate
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Figure 2.12: Møller polarization measurements taken during 687 MeV running measured over the
entire G0 backangle running period. The data are fit with a constant and the results is assumed to
be independent of beam energy. Inner error bars denote statistical uncertainties only, while outer
error bars denote statistical and pointtopoint uncertainties added in quadrature. The solid line is
a constant fit while dashed lines show the uncertainty on the fit.
arises from the spin-orbit coupling between the electron spin and its orbital angular momentum
in the Coulomb potential of the target nucleus (related to the transverse single spin asymmetry
discussed in Section 3.3.7).
Analysis shows that the trends in the injector Mott measurements are consistent to those
observed in the Møller data, although historically showing a negative offset. This discrepancy was
initially observed to be ∼4%. A large portion this offset was found to come from a 1% photon
background in the Mott data, verified using a GEANT simulation. Correcting for these effects
reduced the Møller/Mott disagreement to ∼2%. For the Mott measurements, the 687 MeV and
362 MeV data sets were found to be consistent when analyzed independently and then compared
(Fig. 2.14). Under the assumption that the same consistency holds for the Møller, the value of the
beam polarization extracted from the Møller running taken at high energy is also applied to the
lower energy data, with uncertainties obtained from the 5 MeV Mott measurement comparisons at
both energy settings.
The 362 MeV Mott measurements were consistent with a constant value within the measured
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statistical uncertainties. The 687 MeV Mott measurements are consistent with a constant polariza-
tion value only when assigning an additional point-to-point systematic uncertainty. This systematic






3.59) and when included improves the fit quality. This extra point-to-point system-
atic uncertainty (∆ P/P = 1.6%) from the Mott measurements at 687 MeV is added in quadrature
with the uncertainty of the Møller measurements to give the total systematic uncertainty on the
polarization at 362 MeV [99]. The final 362 MeV result is
P = 85.78 ± 0.07(stat) ± 1.95(syst)% (2.11)


























Figure 2.13: Schematic of the Mott polarimeter.
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Figure 2.14: Mott measurements during the G0 Backward experiment. Points are plotted with
statistical uncertainties only.
2.1.6 G0 Beam Properties
The final G0 backward angle measurement achieved values for parity quality beam can be found
in Table 2.1. The achieved values are the averages over all good runs defined in Chapter 3. All
Parameter value spec
∆x (nm) −19± 3 40
∆y (nm) −17± 2 40
∆θx (nrad) −0.8± 0.2 4
∆θy (nrad) 0.0± 0.1 4
∆E (eV) 2.5± 0.5 34
AQ (ppm) 0.09± 0.08 2
Table 2.1: Summary table of the helicity-correlated beam parameters throughout the entire run
are given along with the specification required to achieve the goal precision of the experiment. The
quantities in the first 5 rows are defined as the helicity-correlated differences: ∆P = P+ − P−.
The last row is the charge asymmetry, defined as AQ =
Q+−Q−
Q++Q− .
parity quality specifications for the G0 backward angle measurement were successfully satisfied.
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2.2 Target System
The G0 backward angle experiment used unpolarized cryogenic liquid targets of hydrogen (LH2)
and deuterium (LD2). A complete study of the properties of this target was performed during the
forward angle G0 experiment , the results of which are described in [100, 101]. The particular fea-
tures of the system important to maintaing a constant target density to achieve a precise asymmetry
measurement will be described below.
The target system is a closed loop of cryogenic target fluid cooled via a helium heat exchanger
and guided into a cylindrical target region. The loop and target cell are oriented horizontally inside
the magnet system vacuum enclosure; a schematic of the target loop is shown in Fig. 2.15.
Figure 2.15: Overview of the G0 liquid hydrogen cryotarget. Beam is incident from the right in
this view. Exiting scattered electrons of interest emerge at 108◦±8◦ with respect to the beam from
the hydrogen liquid downstream (left in the figure) of the helium cell.
The target loop has a total volume of ∼6.5 L and a high torque cryogenic pump (upper side
in Fig. 2.15) circulates the target liquid rapidly (∼ 0.2 L of liquid per pump revolution) with a
nominal pump rotation frequency of ∼31 Hz. The liquid is cooled via a heat exchanger (two layers
of tightly-packed tubes at the bottom of Fig. 2.15) located on the other leg of the target loop.
The exchanger circulates gaseous He coolant (15 K, 12 atm) supplied by the JLab end station
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refrigerator (ESR) with a flow rate of ∼6 g/s. The cooling power of the exchanger was ∼50 W per
g/s of coolant flow.
The main target loop is connected to the target manifold through two aluminum conflat flanges,
shown in Fig. 2.16. The manifold assembly contains two cylindrical aluminum cells both placed
Figure 2.16: A detailed view of the G0 target manifold which houses the primary hydrogen cell
and the secondary helium cell. Figure taken from [101].
coaxially with the beam. The beam travels through the secondary helium cell on it’s way to the
primary cryogenic cell. The cryogenic cell was a seamless machined piece with length of ∼23
cm, wall thickness of ∼0.178 mm, and an inner diameter of ∼5 cm. The downstream wall of the
hydrogen cell, the beam “exit window”, was machined to a thickness of ∼0.0762 mm (from ∼0.178
mm) in a diameter of ∼8 mm to reduce elastic and, in particular, inelastic electron backgrounds
from interactions in the aluminum. Further information on these backgrounds are provided in the
Analysis chapter below.
The helium cell, a 16 cm long cylinder with an inner diameter of 1.27 cm , was placed upstream of
the hydrogen cell and served to defined the length of target fluid seen by the beam. The downstream
window of the He cell, the beam “entrance window”, was 0.228 mm thick. The distance between
this entrance and the exit window of the cell defined the length of the liquid hydrogen target at ∼20
cm. The upstream window of helium cell was ∼0.178 mm thick. The helium cell was filled with He
gas, and maintained at the same pressure and temperature as the hydrogen cell thus keeping both
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the beam entrance and exit windows of the hydrogen cell spherically convex with a curvature radius
of ∼7.6 cm, reducing helicity correlated changes in target length due to potential parallel beam
position shifts [75]. The liquid enters the target cell from the heat exchanger through a thin-walled
(0.0762 mm) conical aluminum tube (the light blue tube in Fig. 2.16) in the hydrogen cell (dubbed
the “windsock”). This guides the cool liquid down the center of the cell and pushes warmed fluid
through holes in the wall of the conic tube. This perforated conical tube also increases turbulence
in the liquid, enhancing the heat transfer and removal.
The nominal running condition for the liquid hydrogen target was 19 K (2 degrees below
the boiling point) with a loop pressure of 1.7 atm. During normal running, the target loop was
connected to a 2500 gallon ballast tank filled with hydrogen gas, allowing a constant loop pressure
to be maintained. For deuterium running, the liquid is maintained at 22 K (3 degrees below
the boiling point) and 1.7 atm. A separate ballast tank was used for deuterium. Temperature
sensors located at various pionts inside the loop, and a high power heater located upstream of
the cryopump comprise a Proportional-Integral-Differential (PID) feedback system. The feedback
system monitored the beam current incident on the target, and regulated the output of the heater
to maintain the total power of the combined beam and heater system at ∼ 300 W. With this
system, the temperature excursions after changes in beam current were kept under 0.2 K. In order
to distribute the beam heating, a two magnet system was used to steer the beam (of nominal
diameter 50 µm) at a high frequency (18 kHz) generating a 2 mm×2 mm square of uniform density
[102].
Despite these efforts, the electron beam creates density fluctuations in the target liquid. These
fluctuations can increase the width of the measured asymmetry beyond that expected from counting
statistics. In addition, boiling might change the target density globally. These boiling effect were
studied systematically with the LUMIs. If the target density fluctuates from quartet to quartet, it
results in fluctuations in the scattering rate where the statistical precision of the asymmetry could
be degraded beyond counting statistics. In other words, the width of the asymmetry distributions
measured by the LUMIs increases with the onset of boiling. Figure 2.17 shows the LUMI widths
versus beam current for 687 MeV hydrogen along with a typical Poisson curve observed in solid
targets [98]. The difference in these two curves indicate the effects of target boiling.
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Figure 2.17: LUMI widths versus beam current for 687 MeV hydrogen. The black is a statistical
trend followed by the solid carbon target.
The contribution to the asymmetry width will be the same for all of the detectors. For example,
the contribution to the asymmetry width for the main detectors will also be the ∼280 ppm seen in
the LUMIs. But whereas the typical width of the Lumi asymmetries is ∼300 ppm, by comparison,
asymmetry width for one octant of the elastic electron locus was of the order of 19,000 ppm, so
boiling effects are small.
In a test run, the target loop was also be filled with gaseous hydrogen (GH2) at 33K and
2.3 atm to study the contributions of the background arising from the aluminum cell windows.
Additionally, two dummy Al targets were located to approximate the entrance and exit windows
of the hydrogen cell, the “aluminum frame” and “flyswatter” respectively. The frame target was
located 1.7 cm upstream of the entrance window, with a thickness of 0.307 cm, and the flyswatter
target was located 1.0 cm downstream of the exit window, with a thickness 0.076 cm. The target
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system could be moved to place only the frame target in the beam; the flyswatter could be moved
in and out of the beam line while the cryogenic target was in place. Furthermore a tungsten (W)
radiator of 0.0085 cm thick was located 38.5 cm upstream of the flyswatter. The flyswatter could
be used with or without the W radiator in order to study the contribution of inelastic protons due
to the photo- or electro-production from the exit window in the gas target runs. The results of
target studies will be summarized in the analysis chapter below.
2.3 Superconducting Magnet System
The G0 Superconducting Magnet System (SMS) is composed of eight azimuthally symmetric
toroidal windings (octants) [103]. These windings generate a magnetic field (with a maximum field
integral of 1.6 T·m) that bends backward scattering electron through a set of lead and aluminum
collimators, which define the acceptance of the scattered particles, and onto the detector system.
The eight coils are made of Niobium-Titanium (Ni-Ti) alloy, soldered to a copper substrate, and
Figure 2.18: A view of the octants and an side-view of sms field in one octant
cooled to a superconducting temperature of 4.5 K using liquid helium. The toroidal windings are
designed to generate magnetic field lines circulating clockwise looking downstream. The coils are
enclosed within a single cryostat and shielded from room temperature by a liquid nitrogen shield
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at a temperature of 90 to 130 K. Vacuum of order 10−6 Torr is maintained in the cryostat in order
to minimize heat transfer.
2.3.1 SMS Cryogenic System
The cryogenic circuit of the SMS is sketched in Fig. 2.19. The 4.5 K liquid helium is supplied
by the JLab Central Helium Liquifier (CHL). With the magnet cold, this supply is fed into a
reservoir which in turn feed the coolant to the coils. The flow of both helium and nitrogen is
regulated to maintain a constant reservoir level with an automated PID loop system, consisting of
a set of Joule-Thompson (JT) valves, and level sensors. Since the coils must be superconducting at
maximum current (5000 A), temperature sensors are placed on the coils, the nitrogen shield, the
LHe and LN2 inlets, and the collimators. The temperature sensors used were platinum resistance
thermometers (PT-102), ruthenium-oxide (ROX), and CERNOX sensors, each covering a different
temperature range from 300 K down to 4.5 K.
Figure 2.19: G0 SMS cryogenic circuit. The cryogenic system is separated into the LN2 circuit
which supplies the liquid nitrogen shield with coolant, and the LHe circuit which supplies liquid
helium to the superconducting coils.
69
2.3.2 SMS Vacuum System
The vacuum system of the SMS is connected beamline vacuum, and extends without interrup-
tion back to the injector. This volume can by isolated using valves at the upstream end of the
target and the downstream end of the beam line. This allows the magnet and target to be moved
out of the beam line, as well as providing protection for the cryo system from vacuum excursions
in the accelerator. Two 1000 l/s turbo-modular vacuum pumps are used. One is mounted on
the pump-out port below the magnet, and another is placed on the downstream end of the exit
beamline. Typical pressures while the experiment is running was measured to be about 10−6 Torr.
A set of pressure gauges are installed to measured the vacuum in the magnet including: a cold-
cathode gauge installed at the “0o” port, thermocouple gauge located on the reservoir, and a
thermocouple and a cold-cathode gauge mounted at the bottom on the shear-pin port.
2.3.3 SMS Electrical System
For the backangle angle run, the SMS operated at a current of 3500 A and 2650 A for the
nominal 687 MeV and 362 MeV running respectively. The SMS electrical circuit can be seen on
Fig. 2.20. The current is provided by a Dynapower 8000 A silicon-controlled-rectifier (SCR) based
supply with a 20 V output. A zero-field current transducer (ZFCT) measures the magnetic field
from the supplied current and provides feedback to the power supply for current regulation.
The current from the power supply is transmitted to the SMS coils using flexible, water-cooled
cables. The water-cooled cables are connected to the superconducting buss through vapor cooled
leads. These leads are cooled with helium vapor from the LHe reservoir and provide a gradual
transition from room temperature to the superconducting operational temperature of the coils.
MKS 1599 flow meters on the vapor cooled leads, and Proteus flow meters on the water supply
monitor these systems.
2.3.4 SMS Control System
The SMS control system provides continuous monitoring of the electrical, water, vacuum and





















Figure 2.20: G0 SMS electrical circuit. A 8000 A power supply distributes current through the
leads to the SMS coils. In the event of a quench, a circuit breaker cuts the connection on one of the
leads (fast dump), and dissipates the current through a 0.05 Ω resistor. MCM: thousand circular
mils.
Controller (PLC), the temperature controllers, and the control system software. The sensor system,
which includes the temperature sensors (described above), voltage taps, and pressure gauges, are
continuously read out through multi-pin ceramaseal connector ports located around the cryo vessel
as shown in Fig. 2.21.
Fig. 2.22 shows the general schematic of the control system. This system contains two alter-
ations to that used for the forward angle running. First, the Direct Logic DL405 programmable
logic controller (PLC) by Automation Direct was moved from its position inside of the hall, to the
electronics room in the Hall C counting house. The control signals and readouts were tranmitted
between the hall and the electronics room over ethernet using an Ethernet Remote Monitoring/Base
Controller setup. This was done in an attempt to eliminate the cryo-dumps during the forward
angle experiment initiated by radiation damage to the solid state ROM that holds the control
sequence for the PLC. Second, a transistorized switching board was installed in the relay boxes
that handled the opening and close of the JT values (Figure 2.23, 2.24). This allowed both for the


































Figure 2.21: Location of feedthrough ports.
forward angle running, as well as for control of the actuator speed allowing precise positioning of the
valves. These changes reduced the down time (with beam available) due to magnet related issues
from 5% to less than 1%. The PLC software, accessed and controlled through a Labview-based
control system software called LookoutDirect, running on a Windows operating system, received
only minor changes from the forward angle version, most related to the new systems just described.
2.3.5 SMS Studies
The SMS is designed for easy reversal of polarity. In order to reverse the polarity, the leads on
top of the power supply were physically swapped, and the orientation of the ZFCT was reversed.
During backward angle running, the polarity of the magnet was reversed from its standard electron
















































































































Figure 2.23: A picture of the custom transistorized board added to the relay switching boxes.
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Figure 2.24: A schematic of the custom transistorized board added to the relay switching boxes.
74
Additionally, several studies were performed to understand the acceptance of detector system
by varying the current of the SMS ± 50% from the nominal values. This field scan technique was
the primary technique used to understand the background processes which dilute the true physics
values of interest. The complete details are provided in Chapter 3.
2.4 Detector System
The backward angle G0 detector system consists of a base package of two sets of scintillators
and an aerogel Cˇerenkov detector [103]. This setup is replicated azimuthially about the beam line
in octants. One of the sets of scintillators, the focal plane detector (FPD) array, was used in the
forward angle measurement, along with a measurement of time-of-flight, to separate the elastic
protons from inelastic protons and pion background contamination. These detectors provided
measurements of multiple Q2 bins at forward angle. In backward angle, the measurement of ultra
relativistic electrons makes time-of-flight inadequate for background separations, and due to the
phase-space accessible to the spectrometer, essentially only one Q2 value can be measured for any
given beam energy setting and SMS tune. To this end, a second set of scintillators was added, the
cryostat exist detector (CED) array, near the exit windows of the cryostat. With the FPDs, this
allows a rough determination of both scattering angle and momentum.
The Cˇerenkov detector provides rejection of pions to reduce backgrounds, especially in the
case of the deuterium target where electron-neutron collisions create a high rate of pi−. With the
Cˇerenkov, it also becomes possible to separately measure the parity-violating asymmetry of the
pion production in deuterium which has its own physical significance [104].
2.4.1 Scintillator Arrays
Focal Plane Detectors
The focal plane detector (FPD) array consists of 16 arch-shaped scintillators (numbered from 1 -
nearest to the beam line - to 16) which were determined to provide Q2 bins of reasonable resolution,
based on simulation, for elastic e-p scattered protons in the forward angle running mode. Each
of the FPD scintillators is paired with a second identically shaped partner to reduce background
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Figure 2.25: G0 backward angle detector system.
from low energy neutral particles. For backward running each scintillator was viewed with a single
photomultiplier tube. The tubes were placed on opposite ends of the two scintillators to provide
good mean time resolution. Lucite light guides are used to transmit the light produced in the
scintillator to photomultiplier tubes mounted in a region of low magnetic field - up to 2 m away
for the low Q2 FPDs.
For several reasons, including both budgetary constraints and technical/scientific grounds, the
detectors and electronics for the four octants numbered 1,3,5, and 7 were built by a North-American
(NA) collaboration (USA-Canada), and those for octants 2, 4, 6, and 8 were built by a French
(FR) collaboration (IPN- Orsay and LPSC-Grenoble) collaboration. Although the basics of the
detector systems are identical, there are differences in the details of the design and the construction
procedures between the NA and FR octants. The specifics are described in [103]. Note that the
assigned octants for each collaboration are opposite each other when mounted on the Ferris Wheel,
in order to reduce possible systematic uncertainties.
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Cryostat Exit Detectors
For the backward angle running, an additional array of detectors was added in each octant,
the so-called cryostat exit detectors (CEDs) . Eight octants of CEDs, each composed of an array
of nine CED detectors, are used in coincidence with the FPDs 3-16. This CED/FPD combination
correlates the momentum and scattering angle of the detected electrons after its path in the SMS
magnetic field, and thus allows for the separation of elastic and inelastic events.
Constrained by the general shape of the FPD scintillators, the CEDs are also arch-shaped
detectors with 1 cm thick scintillators coupled to BC-800 UVT light guides, and are viewed from
each end by photomultiplier tubes. The CED light guides have the same rather complicated shapes
as the FPD light guides, primarily involving a tight helical bend which guides the light from a high-
field, geometrically constrained region, to a lower-field region approximately 1.5 m away where the
photomultiplier tubes are located. The photomultiplier tube arrangement for the CEDs is similar
to that used for the FPDs. In fact, the unused photomultiplier tubes FPD pairs are used on the
CEDs.
The CED and Cˇerenkov detector (described below) subsystems were installed for the backward
angle running using an integrated design for the CED-Cerenkov support. The support structure
centers around the use of prefabricated aluminum extrusions from Bosch because of their strength,
versatility, and relatively low cost. The support structure consists of a second, “mini-Ferris Wheel”,
which couples to the existing FPD support to the linear rails on the G0 Detector platform, allowing
the entire detector system to be moved relative to the SMS.
2.4.2 Cˇerenkov Detectors
In addition to the scattering angle and momentum measurement provided by the scintillator
arrays, an aerogel Cˇerenkov detector provides pion rejection across the full G0 momentum range.
A single Cˇerenkov counter is installed in each octant between the CEDs and FPDs as part of the
mini-Ferris wheel assembly. Negatively charged particles entering an octant of the G0 spectrometer
pass through 5.5 cm of clear aerogel (SP30 from Matsushita Electronics) which has an index of











Figure 2.26: G0 backward angle Cˇerenkov electron detector system. n-CER represents the tube
number scheme use by the DAQ.





where c is the speed of light in vacuum and ν is the velocity of the particle, a cone of light will
be emitted along the path though the medium. With the refractive index used here, pions up to
a momentum of 570 MeV/c do not produce any light whereas all primary electrons do. The light
emitted enters a downstream cavity lined with a white diffuse reflector to help direct the radiation
towards the top of the box for detector. A total of 4% of the light produced is collected on four
phototubes of the Cˇerenkov.
The scintillator and Cˇerenkov operate in coincidence mode for the electron detection, and in
veto mode for background studies and pion measurements. The phototubes for each Cˇerenkov
counter for each octant are individually monitored and a firing of multiple tubes in coincidence
is used as the detection signature (M2 for two tube in coincidence; M3 for 3). This signal is
then discriminated and ANDed into the electron trigger. Using monitoring electronics (ARS), the
Cˇerenkov ADC spectra were used to check the calibration, efficency and pion contamination factor
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of each octant (see Appendix C). The typical time-width of the signal from these detectors is ∼20
ns (due mainly to collection time in the light box) and dominated the electronic deadtime.
The Cˇerenkov photomultiplier tubes (which are very sensitive to magnetic fields) encounter
maximum field components of the of 4 mT in the axial direction and about 11 mT in the transverse
direction during nominal G0 running. Tests under similar field conditions were performed at the
Grenoble High Magnetic Field Laboratory to determine the impact of these field on the performance
of the tubes (Figure 2.27) [142].
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Figure 2.27: Gain of Cˇerenkov electron detector system versus axial field. These results are from
the test performed at Grenoble. The value during running is 4 mT.
To reduce such effects, shielding (consisting of three soft iron and one µ-metal tube, each 450
mm long) is placed around the photomultiplier tubes along with square soft iron plates on the side
of the tubes closest to the SMS . With this shielding, no significant loss in gain was measured for
the nominal G0 magnetic field. Additionally, the position of the PMT in the tube was backed-off
by 10-15 cm relative to the initially design specification.
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2.4.3 Neutron Shielding
The Cˇerenkov aerogel detectors use 5” photomultiplier tubes. Initially 5” Photonis XP4572/B
tubes with borosilicate windows were used. However, when switching from liquid hydrogen to liquid
deuterium target, the count rates recorded by the phototubes increased much more than expected,
to a level restricting the operational luminosity. It was verified, by isolating a phototube from
the Cˇerenkov detector volume, that more than 80% of the count rate originated in the phototubes
themselves. The suspicion was neutrons captured in the boron of the window produced decay
products which created scintillation light in the glass, releasing photo electrons in the active photo
cathode of the tube.
This was confirmed by testing of three phototubes with the collimated cold neutron beam at
NIST [105]. One 5” borosilicate window tube Philips XP4572/B, one 2” quartz window tube
Hamamatsu R375 (G0 luminosity monitor) and one 2” lime glass window tube Philips XP2262B
(G0 NA FPD/CED detector) were mounted with their faces either normal to, parallel to the beam.
The neutron beam was then scanned over tube in both configurations.
It was found that the 5” borosilicate tube face (Fig. 2.28) yields on average about 3.7 single
photo electrons (SPEs) per neutron in the center of the window, decreasing to less than 2.5 SPEs
at 2 inches from the center [105]. A rough estimate for a weighted average over the volume of the
window yields about 2.5 signals per neutron. The quartz and lime-glass windows produced rate
which were 50 times less.
Based on these results new 5“ Photonis quartz tubes (XP4578/B) were installed at the end
of 2006. These tubes allowed the operational beam current with the deuterium to be more than
doubled and also help reduce systematics from rate effect as described below.
2.4.4 Electronics
For the backward angle running of G0, the electronics for octants 1,3,5, and 7 were built by
a North American (NA) group, and those for octants 2,4,6, and 8 were built by a French (FR)
group corresponding to the different makes of the various detectors. The signals from all scintillator
PMT anodes go first to a patch panel in Hall C through 36 m RG58 cables then are routed to the
electronics counting room through 107 m RG8 cables for reduced attenuation.
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Figure 2.28: From [105]. Count rate per neutron as a function of distance from the center of the
photo-sensitive window across the face of the tube for the borosilicate window 5” tube (black solid
squares), the 2” quartz window tube (red filled circles), and the 2” lime-glass window tube (green
filled triangles). The quartz and lime- glass window tube data are scaled up by a factor of 20 for
the open symbols, connected by dot-dashed lines.
For the backward angle experiment, the signals from the FPDs are put in coincidence with
signals from the CEDs. The trigger signal is generated by first ORing together the signals from
all FPDs and, separately, all CEDs in a given octant, then ANDing these combined signals within
a 8 ns window. A logic board then identifies which separate detectors fired during a triggered
event. Events triggered from a single CED and FPD coincidence are the primary contribution and
allow for a separation between the elastic and inelastic electrons. The Cˇerenkov detectors serve
as the signal for the scattered electrons, but do not generate a signal from background pis. The
signal (a majority logic signal of multiple tubes) from the Cˇerenkov detector therefore acts as the
enable for the coincidence logic. The coincidence rate is typically on the order of 100 kHz. The
required coincidences are performed in custom electronics using programmable logic devices (Fig.
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2.29). Again, different implementations were adopted for the NA and FR octants, and each are
detailed separately below. However, in both cases each octant is independently triggered and the
signals from the MT signals, coincidence logic, and Cˇerenkov boxes are recorded by Grenoble 32-bit
latching scalers for the primary analysis. The meantimed signals from the individual CEDs and









Figure 2.29: Basic timing diagram of signals in the coincidence board. A trigger, CED, and FPD
coincidence latch a 15 ns signal which is sent to the scalers. If this signal is in coincidence with the
20 ns Cˇerenkov logic signal the signal is sent to the electron counters otherwise it goes to the pion
electronics.
North American
For each of the four North American octants, separate common fraction discriminators (CFDs)
and meantimer (MT) modules provide signal conditioning for the pairs of PMTs on each scintillator
detector (Fig. 2.30) [106]. The outputs of the CED and FPD meantimer modules are split and one
copy is sent to the Grenoble 32-bit latching scalers for monitoring and recording while the other
copy continues to the main logic board. This board performs the timing coincidence between the
CEDs and FPDs, determines if a multiple hit (MH) event (more more than one CED and one FPD
firing in coincidence) occurred, and performs the coincidence logic between the CEDs and FPDs.
An ALTERA programmable logic device (PLD) performs these logic functions. The CED-FPD
coincidence information, for events without multiple hits, is encoded into one 8-bit word and sent
on the crate back plane to a set of three custom boards which decode this information.
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In addition to this 8-bit word, one bit (MH) indicating the existence of a multiple hit event,
and all CED and FPD singles events which had the correct timing, are sent on the back plane
to another custom board which uses another ALTERA programmable logic device to perform a
coincidence between the CED and FPD correct-time singles events with the multiple hit signal
which are need for deadtime calculations. The output signals from this PLD are sent to the scalers
for recording.
The 8-bit word containing the CED-FPD coincidence information is taken from the back plane
by the three custom decoder boards, latched to avoid extra timing jitter, and compared against
Cˇerenkov signal to release the information through the latch. The 8-bit word is then decoded into
individual CED-FPD coincidence signals, which are sent to the scalers for recording. A delayed
version of the trigger then clears the latch. To accommodate the four NA octants, a custom crate





























































































Figure 2.30: NA Electronics Schematics
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French
The FR electronics (Fig. 2.31) [106] used sections of the modules developed for the forward
angle measurement. The custom DMCH modules used for the forward angle measurement perform
both the signal discrimination and meantiming for the CED and FPD signals. The signals from the
DMCH modules are used for the coincidences counting between the CED and the FPD detectors.
These coincidence signals are enabled by the Cˇerenkov signal corresponding to the detection of
electrons. They are used to input signals to the ALTERA chips described above. Individual counts
including the Cˇerenkov validation (or not) and counting associated with multihits, where more than
one (FPD or CED) detector is hit, are recorded. This information, as in the North American case,
is used for both the actual rate measurements as well as corrections associated with the deadtime
losses and random coincidences.
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This chapter describes the analysis procedure for attaining the physics asymmetries, used to
determine the strange form factors of the proton, from the raw values measured directly by the
electronics described in Chapter 2. The uncertainties associated with each analysis step are also
reported and are typically divided into point-to-point (affecting a since data set in an uncorre-
lated fashion) and global (correlated uncertainties amongst data sets) systematic contributions
(see Appendix A).
3.1 G0 Analysis software
The scaler and timing electronics described in Chapter 2 are readout and stored for every MPS.
The raw counts are combined with the helicity data and MPS averaged beam parameters to form
the raw asymmetry values on a quartet by quartet basis. The results are available online for quality
monitoring and are also stored in ntuples and histograms for oﬄine analysis. This data is also used
to calculate corrections on a quartet by quartet basis to account for rate related electronic and
helicity correlated beam effects. The run averaged values are output to a MySQL database to form
a more portable data set for additional oﬄine analysis tasks. The details of the analysis process
from measured MPS values to the final averaged physics asymmetries are provided in this chapter.
3.1.1 CODA
During running, the raw output from the G0 electronics is handled and stored using the Jefferson
Lab interface known as CODA (CEBAF On-line Data Acquisition), Figure 3.1 [107]. In this scheme,
embedded ”Readout Controllers” or ”ROCs” read out the components of a detector including the
singles rates from all detector phototubes, the mean-timed rates of all paired detector phototubes,
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the Cˇerenkov phototube rates, and the coincidence rates for all CED/FPD pairs with or without
































































The data is buffered in the controller and when enough data has accumulated it is transmitted
over the network. Since the data for a particular event is spread over data streams from several
embedded controllers, it is necessary to merge the data streams. This function is performed by the
”Event Builder” (EB) which caches incoming buffers of events from the different controllers and
merges the data streams which were taken concurrently in time (i.e. belongs to the same ”event” in
the detector). The event builder also formats the outgoing data stream and provides some measure
of flow control to incoming and outgoing data.
Run starting and stopping was handled via RunControl, the main graphical user interface
(GUI) for CODA. This GUI provided the flexibility to quickly switch hardware configurations
and presented various system vitals including among others the event rates of various electronics
systems. G0 production runs were typically 1 hr long to allow for stable running conditions and
the creation of data files with a size small enough to handle.
The CODA system also provided the ability to monitor the the data in realtime. This was done
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using a GUI and ROOT [108] scripting which output histograms of yield and asymmetries among
other important experiment vitals to the control computer screen.
3.1.2 g0analysis and mySQL Database
The raw DAQ output generated by CODA is next replayed by a custom C++/ROOT analysis
package [109]. This package calculates all detector and beam data on a MPS-by-MPS basis as
well as helicity-correlated values including the detector asymmetries and helicity correlated beam
parameters for each QRT. These values are accumulated in histograms for oﬄine analysis and the
mean and error values for each run are output to a mySQL [110] database (the structure of which
can be seen in Figures 3.2 and 3.3). These run averaged values are used to perform the averaging
over the entire set of runs in addition to other oﬄine analysis tasks, many of which will be described
below. Slow controls such as the settings of the high voltage, target temperature, and SMS current
are also read in from the JLAB EPICS system and stored to the database with the other run
averaged values.
Blinding
In order to avoid a biased analysis of the asymmetry data, a random multiplicative blinding
factor, b, in the range of 0.75 - 1.25 is applied to all asymmetries and their associated uncertainties
written to histograms, ntuples, or the database as
Ablinded = Aactual ∗ b. (3.1)
A separate value was generated for each target and energy combination. The values were generated
randomly from a seed which is stored in the database. The data were kept blinded until all
corrections to the raw asymmetries were finalized. The data was unblinded at a meeting open to
all collaborators. The blinding factors for each data set are shown in Table 3.1.
Data Quality Cuts
The data quality of all production runs are tagged manually by the shift takers on duty to
determine the initial state of the beam. The runs which have been labeled as “good”, indicating
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calibrations







+run_id: INT UNSIGNED AUTO_INCREMENT
 run_number: INT UNSIGNED
 run_type: TEXT
 good_for: SET
 data_quality: SET("good", "bad", "junk", "spiky")
 start_time: DATETIME
 end_time: DATETIME
 n_mps: INT UNSIGNED
 n_qrt: INT UNSIGNED
 n_fastbus: INT UNSIGNED
analysis






 n_mps_good: INT UNSIGNED
 n_qrt: INT UNSIGNED
 first_event: INT UNSIGNED
 last_event: INT UNSIGNED
 segment: INT
 slope_calculation: ENUM("on", "off")
 slope_correction: ENUM("on", "off")















































+cerenkov_id: INT UNSIGNED AUTO_INCREMENT
-analysis_id: INT UNSIGNED
 octant_id: INT UNSIGNED
-pmt_id: INT UNSIGNED
-measurement_type_id: CHAR(4)


































+c_detector_id: INT UNSIGNED AUTO_INCREMENT
 octant_id: INT UNSIGNED
 ced_id: INT UNSIGNED
 fpd_id: INT UNSIGNED
 particle: ENUM("pi", "e")
 make: ENUM("na", "fr")
singles_ced








+s_fpd_detector_id: INT UNSIGNED AUTO_INCREMENT
 octant_id: INT UNSIGNED
 fpd_id: INT UNSIGNED
 particle: ENUM("pi" , "e")
 conditon: ENUM("ncdc" , "cdc", "dc")
 make: ENUM("na", "fr")
multihits_ced








+mh_ced_detector_id: INT UNSIGNED AUTO_INCREMENT
 octant_id: INT UNSIGNED
 ced_id: INT UNSIGNED
 particle: ENUM("pi", "e")
 condition: ENUM("1", "2")
 make: ENUM("na", "fr")
locus
+locus_id: INT UNSIGNED AUTO_INCREMENT
-first_run_id: INT UNSIGNED
-last_run_id: INT UNSIGNED
 min_run_id: INT UNSIGNED
 max_run_id: INT UNSIGNED
locus_data




 type: ENUM("elastic", "inelastic", "background")
slopes













+matrix_sum_id: INT UNSIGNED AUTO_INCREMENT
-analysis_id: INT UNSIGNED
 octant_id: INT UNSIGNED
-measurement_type_id: INT UNSIGNED
-locus_type_id: INT UNSIGNED
 particle: ENUM("pi", "e")




+s_ced_detector_id: INT UNSIGNED AUTO_INCREMENT
 octant_id: INT UNSIGNED
 ced_id: INT UNSIGNED
 particle: ENUM("pi" , "e")
 conditon: ENUM("ncdc" , "cdc", "dc")
 make: ENUM("na", "fr")
singles_fpd
















+mh_fpd_detector_id: INT UNSIGNED AUTO_INCREMENT
 octant_id: INT UNSIGNED
 fpd_id: INT UNSIGNED
 particle: ENUM("pi", "e")
 condition: ENUM("1", "2")




 test_number: INT UNSIGNED
 test_value: FLOAT
locus_types



































+bad_octant_type_id: INT UNSIGNED AUTO_INCREMENT
 bad_octant_type: TEXT
deadtime_data
+deadtime_data_id: INT UNSIGNED AUTO_INCREMENT
+deadtime_id: INT UNSIGNED
+deadtime_type_id: INT UNSIGNED
 octant_id: INT UNSIGNED
+value: float
deadtime




+deadtime_type_id: INT UNSIGNED AUTO_INCREMENT
 deadtime_type: TEXT
 title: TEXT
Figure 3.2: Structure of the analysis database
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Figure 3.3: Structure of the slow control database
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Data Set Blinding Factor
687 MeV H 1.23932
687 MeV D 1.12257
362 MeV D 1.09657
362 MeV H 1.01295
Table 3.1: Blinding factors
normal beam conditions and fully functioning detectors are then subjected to additional data
quality cuts in g0analysis.
Two of the most basic automated cuts are the minimal beam current cut and the zero quartet
cut. For the minimal beam current test, a lower limit on the beam current is set tightly to the value
requested from the accelerator in order to eliminate beam ramping events entering the data. These
rapid changes in beam current can induce significant false asymmetries which are undesirable.
In addition to the beam current cut, quartets which have zero counts in either the raw, normal-
ized or corrected states are eliminated. These lead to an ill defined asymmetry value. In scintillator
coincident pairs which receive more than 10 count (all cells used in the primary analysis), this does
not effect the averaging. Additional cuts on the signal quality from the detectors are also applied
but affect only a small of the data leading to a reduction in counting statistics of <5%.
Elastic data locus
The data for individual coincidence cells are recorded independently, but additionally a collec-
tion of cells which are primarily sensitive to elastically scattered electrons are averaged over and
treated as a single quantity in both yield and asymmetry measurements. The selection of this locus
of cells is guided by the background determinations described below. Cells which are determined
to have < 20% contribution from non-elastic electron backgrounds are included.
Figures 3.4(a)-3.4(d) show the raw rates in each coincidence cell for all target/energy combina-
tions. The elastic locus has been outlined in black on each matrix. Even with the coarse particle
tracking provided by the coincidence cells one can see the there are two distinct bands visible in
the 687 MeV data sets; the elastic band grouped in the upper right corner and inelastic events
which gather in the lower left hand corner.
The yield over the entire locus is determined for each MPS, and asymmetries can be determined
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for each quartet just like the single cell values. It is useful to gauge the quality of the data in a
quick and automated way from these locus summed results. However, many corrections, including
background corrections, are determined for each cell on a run averaged basis so the final physics
asymmetries are made by performing a weighted average over the single cell run averaged values
in the locus. These two methods of averaging give equivalent results as the correlations between
measurements in each cell are minimal (the single cell rate and asymmetry distributions follow
counting statistics to a high degree as described below). The elastic locus definition was identical
for all eight octants except for octant 1 and 8 in which cells from CED 5 and 8 respectively were
cut due to malfunctioning PMTs.
(a) LH2 687 MeV (b) LD2 687 MeV
(c) LH2 362 MeV (d) LD2 362 MeV
Figure 3.4: Matrix plot of yield (Hz/µA) for each electron CED/FPD coincidence. The black
outline represents the cells which were averaged over for the “elastic” measurement.
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3.1.3 Running Periods
In general the G0 backward angle data was analyzed according to the cryogenic target fluid
and beam energy. However, changes to the Cˇerenkov phototubes (and with it the multiplicity of
the enabble) and detector configuration led to 7 distinct running periods (Tables 3.2). For the
final analysis, the three LD2 697 MeV set are averaged together after separate data corrections are
made.
Targ. Energy Dates BC Runs Note Name
H 687 MeV March/April 2006 55 µA 100 Unused LH2687a
H 362 MeV July/August 2006 20 µA 475 LH2362
H 687 MeV Sept/October 2006 60 µA 548 LH2687b
D 687 MeV Nov/Dec 2006 20 µA 352* LD2687aM3
D 687 MeV Dec 2006 20 µA 180* M2 Cer. Trig. LD2687aM2
D 362 MeV Jan/Feb 2007 35 µA 648 M2 Cer. Trig. LD2362
D 687 MeV March 2007 20 µA 332 M2 Cer. Trig. LD2687bM2
Table 3.2: Summary of running periods. *For LD2687aM3 the number of runs were divided amongst
octants as 384 (Oct 1/8); 519 (Oct 2/6) ; 352 (rest) and similarly 148 (Oct 1/8); 13 (Oct 2/6) ;
180 (rest) for LD2687aM2.
3.2 Multi-pass Analysis Structure
The data were “replayed” with the “g0analysis” analyzer multiple times in order to correct the
quartet to quartet yields and asymmetries (Fig. 3.5). The first pass through the data was used to
apply the simple cuts described in Section 3.1.2 and establishes the raw means and widths for all
detector asymmetries, yields, and beam parameters in a given run. The second pass through the
data uses the means and widths of the yields established in pass one (and stored in the mySQL
database) to eliminate data more than 5 sigma away from the average yield values. This was done
in order to address an issue with the scaler modules and will be addressed in more detail in Section
3.2.2. The third pass through the data again applies the yield cut of pass 2 and in addition uses
the raw counting rates from the various detectors together with known parameters, such as gate
widths, of the electronics to correct for counts lost to deadtime as well as extra counts coming from
random coincidences between scintillators and the Cˇerenkov detectors. Additionally, sensitivities of
the detector yield to the beam properties (positions, angles and charge) are calculated and stored
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to the database during this pass. Pass four uses the sensitivity slopes determined in pass three to
make the helicity correlated beam property corrections to the asymmetries. The details of passes
three and four are explained in Sections 3.2.3 and 3.2.4.
Following these passes, further corrections to the asymmetries are made outside of g0anlaysis

























































































Figure 3.5: Structure of the multi-pass analysis. Scaler yield correction (SYC), Linear regression
correction (LRC).
3.2.1 Pass 1: Beam current, zero count cuts
For the first analysis pass of the data, two cuts are made establishing the “raw” yields; the
beam current cut and the zero quartet cut. The beam current cut sets upper and lower limit on
the accepted value of the beam charge per MPS (Table 3.3). This is done in order to avoid false
asymmetries that may be introduced from the beam rapidly turning on or off causing up to a 2.5%
fluctuation in the target density and associated normalized rates; such excursions are not typical
(<1% of data cut) as the beam was very stable during the major data production stage of the
experiment.
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Beam Current Limit (µA)
Target Energy (MeV) Low High
H 687 45 1000
H 362 35 1000
D 687 17 1000
D 362 30 1000
Table 3.3: Typical beam current limits for various running periods.
In addition to the beam current cut, quartets which contain zero counts are also removed in pass
1. This is done to both assure that asymmetry values are calculable and that the subsequent rate
corrections performed in pass 3 are well defined. The biasing effects of eliminating these zero count
quartets were studied [111] by comparing multiple averaging schemes in addition to the typical







used in the analyzer where Nqrt is the number of measured quartets and j is the quartet indexing


















where Y R(L) is the yield of a given MPS j(i) with a given helicity R(L) was compared as a function
of the average number of counts per quartet (Fig. 3.6) and the two method were found to agree to
better than 97% when the counts/mps were > 10 (Fig. 3.6). This is essentially the limit in which
Poisson counting statistical become equivalent to gaussian statistics. For the cells in the elastic
locus the counts per mps were always > 100 during production running, leading to < 0.3% biasing
effects from the removal of zeros. More careful attention was paid to low current running and to
cells in the low rate regions of the G0 counting matrix (see for example [112]).
The run averaged asymmetry/yield values and widths are then written to the mySQL database


















Figure 3.6: The ratio of simulated asymmetry data generated by averaging quartets with a running
average (Arun) to asymmetries generated by summing common helicity state counts and forming
the asymmetry from the totals (Asum) versus the average counts in a given MPS. (cts: counts)
Above 10 counts/mps the two methods agree.
3.2.2 Pass 2: Raw yield cuts and scalers effects
The raw asymmetry distributions generated in pass 1 are for the the most part normally dis-
tributed about the measured mean. The primary electronics introduce small background distribu-
tions (as in the case of the helicity correlated beam properties (HCBP) or random asymmetries) or
can simply scale the value (as in the case of electronics deadtime). In fact, the statistical quality of
the asymmetry distributions was measured for each run using the ratio of the width of the distri-
bution to that expected from the purely normal distribution based on the total number of counts.








For most of running it was found that this value was very near 1, however, from some low
energy running on deuterium this ratio was found to be near 1.2 for the North American detectors,
indicating some strongly non-statistical component to the asymmetry signal. After much investi-
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gation it was determined that this effect was due to a deficiency in the Grenoble scaler counters
combined with a programming error in the coincidence logic chips [113].
The maximum operating frequency of this scaler is 140 MHz. This means that two input signals
should not arrive closer than 7.1 ns. In the presence of a high randoms coincidence rate, the only
way to enforce this maximum frequency is to use signal widths of at least 10 ns on input of the
scaler. This frequency limit was establish during testing in France as the time needed for all 32 bits
to properly set their state. However, all bits do not require the same amount of time to set and as
a result narrow pulses arriving less than 7 ns apart cause a complicated pattern of unintended bit
flipping, with lower order bits more heavily effected. A simulation of the french scaler module was
written and compared against the output from an actual module being fed with a fast pulser with
narrow pulses. Figure 3.7 shows the comparison and indicates that the behavior of these electronics
are well understood.
Counts (Hz)









Figure 3.7: Simulation of the RCS effect versus data from pulser.
During running, this type of counting error was not present for the French coincidence electronics
or the final setup for the North American coincidence electronics after January 2007. Prior to that,
the North American coincidence electronics were programmed to send the logical AND of the
FPD, CED, and trigger (BPO) signals to the scalers. With the meantimers having widths of
approximately 20 ns, this setup could lead to a series of narrow closely spaced signals reaching
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the scaler modules, Figure 3.8, in the presence of very high trigger and the meantimer rates. This
was exactly the situation for 362 LD2 running which saw a largest pion rates and randoms from
neutrons during all running.
Figure 3.8: Example of near timing
The effect of the scaler miscounting was to induce a non-statistical character (i.e. different from
counting statistics) in both the measured yield and the asymmetry distributions. This is illustrated
in Fig. 3.2.2 which shows the effect in both the yields and the asymmetry in the first column. In
order to correct these data, events which are clearly not part of the main yield distribution were
eliminated from the analysis. Figure 3.2.2 show a series of cuts applied on the quartet yield at
several sigma from the average of the primary distribution. It should be emphasized that no cutting
was done on the asymmetries themselves. During the final analysis a 5 sigma yield cut was applied
to all yield data. It should also be noted that after January 2007 the North American coincidence
boards were reprogramed to latch following a good coincidence until the end of the trigger signal,
eliminating any possibility of the scaler miscounting. The result of this is shown in Fig. 3.10 [114].
The 5 sigma yield cut leads to a loss of ∼0.7% of the NA North American data during the worst
running conditions being lost, and more typically less than 0.1% of the data was cut during runs
where this effect plays little role. This cutting method removes the majority of the effect related
to these odd scaler events, however, residuals remain which can influence the measured asymmetry
values. This residual effect was studied in [115]. The effect on the asymmetry, if one MPS in a
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Figure 3.9: Example of yield cut effect on the asymmetry for yield cuts at n sigma from the
mean. Top row: yield (note the non-Gaussian shape is due to scalar miscounting); Bottom row:
asymmetries.
quartet experiences a miscount, is to shift the true asymmetry by an amount










of the primary asymmetry distribution from counting, σMPSstat =
√
N is the width of the mps
yield distibution and n characterizes how far away from the mean the shift moves the reported
asymmetry. The sign of this asymmetry shift is dependent on the helicity of the affected MPS.
On average the measured asymmetry can be written (exactly)
Ameas = (1− p+ − p−)Aphys + p+(Aphys +Ashift) + p−(Aphys −Ashift) (3.6)
where p± is the helicity dependent probability for encountering a “bad” MPS, Ameas is the measured
asymmetry, and Aphys is the actual desired physics asymmetry. The probability, p±, is related to
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AµRate in kHz/































Figure 3.10: Comparison of NA asymmetry before and after electronics fix for an example coinci-
dence cell.





(the largest asymmetry in the measurement is, in fact Aphys) which in turn allows us to write the
false asymmetry induced by the remaining “bad” scaler events as
∆Ares = Ameas −Aphys = −αn2 σ
qrt
statAphys. (3.8)
For the elastic locus, α was determined to be∼1% and with the widths of the measured asymmetries
∆Ares is found to be 0.06% of Aphys. At this level, no additional correction is made to the data to
account for this residual effect, however 100% of ∆Ares is applied to the systematic uncertainty of
100
the final reported results.
Raw Asymmetries
After the application of the scaler yield cuts, the raw uncorrected asymmetries are obtained.
For each data set more than 6 ∗ 107 quartets were collected. An example of the statistical quality
of the data set is shown in Figures 3.11, 3.12, 3.13 and 3.14. Both IHWP states are presented
independently to show the consistency between these two measurement. These distributions set the
statistical precision with which the final measurement can be determined, which in fact dominates
the uncertainty of the final extracted form factors.
Figure 3.11: 684 MeV LH2: The asymmetry histograms are shown for a large sample of quartets.
The insertable half-waveplate (IHWP) flips the sign of the asymmetry when inserted. Both IHWP
IN and OUT states are shown along with a Gaussian fit (dashed colored line) to illustrate the
statistical quality of the measurement. In the worst case, the tails on the data shift the mean at
the level of a few ppb.
Figure 3.12: 684 MeV LD2: The asymmetry histograms are shown for a large sample of quartets.
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Figure 3.13: 359 MeV LH2: The asymmetry histograms are shown for a large sample of quartets.
Figure 3.14: 359 MeV LD2: The asymmetry histograms are shown for a large sample of quartets.
3.2.3 Pass 3: Electronics Rate Corrections
After the good raw quartets are determined and studied through pass 2, the electronic rate
corrections are applied on a quartet by quartet basis in pass 3. In general, there are two competing
electronic rate effects that are accounted for. The first is ordinary deadtime in the electronics chain.
This is simply accounting for counts that are missed due to busy electronics. The deadtime is well
understood as the time that each piece of electronics takes to process is set by the signal length
[116, 117]. The fraction of time that a given channel is “dead” for and incoming signal is given by
DT = 1− e−τ ·R ∼ τ · R (3.9)
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where DT is the deadtime fraction, τ is the deadtime and R is the rate of the signal into the
given electronics. Following from the signals that are used to form the coincidence signals, the
main contributions to the deadtime are from the mean timers (MT), discriminators (CFD) and the
trigger (Trig), and in general leads to a simple deadtime expression of
eCoincmeasi,j = eCoinc
corr,DT
i,j · (1−DTCFDi) · (1−DTMTi) · (1−DTCFDj) · (1−DTMTj)
·(1 −DTTrig) · (1−MH22i,j) · (1−MH12i,j) (3.10)
where eCoincmeasi,j is the measured electron coincidence rate, eCoinc
corr
i,j is the actual corrected
rate, and i,j are represent the FED, CED detector which fired respectively, MH12 (multihit12) is
the fraction of events where two of the scintillators in a given array fire in coincidence with a single
detector from the other array and MH22 is the fraction of events where two of the scintillators in
each array fire together.
The second type of rate correction comes from random coincidence between signals which occur
close in time but are not due to detection of the same particle. There are two random coincidence
effects that must be accounted for, random CED/FPD coincidences that look like ordinary signals,
and random Cˇerenkov firing that puts rate from a non-electron particle into the electron electronics.
The first correction was found in the worst case, 362 LD2, to be ∼25%. This correction was not
applied on a quartet by quartet basis but its magnitude was estimated and used to correct the final
averaged asymmetry values as part of ARDMres shown in Table 3.5. Real CED/FPD coincidences
combined with accidental Cˇerenkov signals were either measured directly in the “pion” electronics
by pushing the timing gates several tens of ns out of synchronization (“randoms mode”) or were
computed in the analysis code from the measured pion and Cˇerenkov rates. The correction to the


















where Equation 3.11 is for the electronics in pion mode and Equation 3.12 is for randoms mode,
eCoinccorri,j is the final corrected coincidence yield, piCoinc
corr
i,j is the final corrected coincidence pion
yield, rCoinccorri,j is the final corrected randoms yield, and RdmCer1/RdmCer2 are the Cˇerenkov
randoms uncorrelated/correlated with the coincidence trigger signal.




+eCoincrandi,j ](1−DTTrig −MH22i,j) · (1−MH12i,j) (3.13)
where several of the higher oder effect in Eq. 3.12 have been removed and eCoincrandi,j represents
the additive randoms term shown in detail in Eq. 3.12. The deadtime and accidental effects
have opposite consequences for the measured rate as a function of beam current (Fig. 3.15).
With increasing beam current, deadtime effects reduce the the measured normalizes yields, while
random effects increase the measured normalized yields. The slope of the normalized rate versus
beam current is determined by a combination of the two effects. Depending on the specified running
conditions and cell in the coincidence matrix either process may dominate.
These corrections are applied cell by cell on beam normalized rates for every mps and a corrected
asymmetry for the associated quartet is obtained. To study the systematics of this correction, the
individual contributions at to the measured asymmetry can then be expressed as
Ameas = Atrue +∆ASingle +∆ATrig +∆AMH12 +A
contam
system (3.14)
where Atrue is the true physics asymmetry, and Ameas is the measured asymmetry value. The
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with frand the random coincidence fraction (zero for the electron measurement inside of g0analysis),
A(DT ced/fpdMT )/A(DT
ced/fpd
CFD ) the meantimer/CFD asymmetry from deatime, and Arand the asym-
metry from CED/FPD randoms. ADTcorr is the complete deadtime corrected coincidence asymme-
try. The asymmetry correction from the trigger electronics is
∆ATrig = − DTTrig1−DTTrig −MH22A(DTTrig)−
MH22
1−DTTrig −MH22A(MH22), (3.16)
with A(DTTrig)/A(MH22) the trigger DT and MH22 asymmetry. The multihit12 contribution is
∆AMH12 = A(1−MH12), (3.17)
and Acontamsystem is the Cˇerenkov randoms correction from pions being falsely identified as electrons and
dominate for the deuterium measurement. The size of each of these corrections is shown in Table
3.4 along with the associated uncertainties [116, 117].
After the deadtime and randoms corrections have been applied, unaccounted for higher order
deadtime effects and somewhat more significant randoms residuals are still present. Figure 3.15
shows the measured (blue) and corrected (red) elastic rates for two cells that demonstrate both a
well corrected cell and the worst case residual. Extrapolation to the zero current limit gives the
true values absent rate effects. Table 3.5 shows the effects of the residual correction from both the
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a.i. 8.3591 ± 0.8117 -0.0144 ± 0.0016 -0.1745 ± 0.0021 -0.1107 ± 0.0034 -0.0027 ± 0.0376 -0.3040 ± 0.0379
a.o. -11.0175 ± 0.8380 0.0037 ± 0.0017 0.1900 ± 0.0022 0.0851 ± 0.0036 -0.0052 ± 0.0390 0.2582 ± 0.0392
b.i. 44.0498 ± 2.9288 -0.0058 ± 0.0021 -0.1154 ± 0.0017 -0.0688 ± 0.0053 -0.9959 ± 0.1640 -1.1897 ± 0.1641
b.o. -47.4462 ± 2.8033 0.0076 ± 0.0020 0.1281 ± 0.0016 0.0764 ± 0.0051 0.8812 ± 0.1573 1.0845 ± 0.1574
c.i. 37.1536 ± 7.5210 -0.0004 ± 0.0057 -0.1093 ± 0.0044 -0.1384 ± 0.0191 -0.4530 ± 0.6697 -0.7366 ± 0.6700
c.o. -43.9244 ± 6.4785 0.0063 ± 0.0049 0.1016 ± 0.0038 0.0877 ± 0.0165 0.5687 ± 0.5854 0.7839 ± 0.5857
d.i. 13.7828 ± 0.8532 -0.0143 ± 0.0020 -0.2584 ± 0.0028 -0.1475 ± 0.0051 -0.3590 ± 0.1981 -0.7619 ± 0.1982
d.o. -15.8797 ± 0.8737 0.0092 ± 0.0020 0.2497 ± 0.0028 0.1375 ± 0.0052 0.3958 ± 0.2145 0.7843 ± 0.2146
e.i. 38.3347 ± 4.3703 -0.0094 ± 0.0025 -0.0891 ± 0.0031 -0.0558 ± 0.0065 -4.4857 ± 1.8645 -4.6409 ± 1.8645
e.o. -43.2201 ± 5.2456 0.0031 ± 0.0031 0.0626 ± 0.0038 0.0377 ± 0.0080 8.0601 ± 2.1743 8.1540 ± 2.1743
f.i. 39.8650 ± 4.6953 -0.0053 ± 0.0025 -0.1007 ± 0.0030 -0.0558 ± 0.0065 -2.7965 ± 1.7740 -2.9619 ± 1.7740
f.o. -45.8315 ± 4.2360 -0.0004 ± 0.0023 0.0784 ± 0.0029 0.0406 ± 0.0062 7.2656 ± 1.5978 7.3943 ± 1.5978
Table 3.4: Deadtime contributions from analyzer routine. a)LH2362 b)LH2687a c)LH2687b d)LD2362 e)LD2687a f)LD2687b with i/o
representing the in and out state of the IHWP.
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(a) CED 9 FPD 4 (b) CED 9 FPD 16
Figure 3.15: Measured rates in Hz/µA as a function of beam current in µA before and after rate
corrections.
singles, ADTres , which is treated as an uncertainty on the final value, and the randoms A
RDM
res on the
final asymmetries. ARDMres includes the CED/FPD randoms contributions and residual Cˇerenkov
effects. This random residual is subtracted from the corrected values to obtain the final asymmetry
values [116, 117]. The size of these effects on the final systematic uncertainties will be summarized
in Sec. 3.4.
Target Energy IHWP ARDMres A
DT
res
H 362 in 0.000630 ± 0.002357 0.0598 ± 0.0037
out 0.006989 ± 0.002505 -0.0677 ± 0.0039
H 687 in -0.149871 ± 0.024309 0.0582 ± 0.0074
out 0.148692 ± 0.023672 -0.0762 ± 0.0072
H(Apr) 687 in -0.609012 ± 0.225605 0.0000 ± 0.0016
out 0.956066 ± 0.238122 0.0000 ± 0.0013
D 362 in -0.038896 ± 0.007305 0.0228 ± 0.0025
out 0.044397 ± 0.007716 -0.0418 ± 0.0025
D(Mar) 687 in -0.350286 ± 0.083535 0.0072 ± 0.0020
out 0.391399 ± 0.096918 -0.0099 ± 0.0025
D(Nov) 687 in -0.270101 ± 0.101882 -0.0016 ± 0.0015
out 0.427925 ± 0.142798 -0.0005 ± 0.0014
Table 3.5: Deadtime residuals in ppm.
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Wells plots
As a test of the deadtime routine, runs with an intentionally large charge asymmetry were taken
[117]. Figure 3.16 shows a plot of the detector asymmetry as a function of induced beam charge
asymmetry, Aq, for both a North American and a French detector set from LD2 with 362 MeV
beam energy. The various colors represent the asymmetry after various levels of correction; red
shows no correction, green shows corrections for only deadtime effects and blue shows the combined
deadtime and randoms correction.






























(b) North American Octants
Figure 3.16: Wells plots: Detector coincidence asymmetries as a function of induced charge asym-
metry for the raw, DT alone, and total rate correction.
In an ideal situation the complete correction would correct all the detector asymmetries to
the same value regardless of Aq (Note: for production running the average value of Aq is less
than 1 ppm). However, any residual slope again gives one a characterization of the systematic
uncertainties in the correction. Additionally, a linear regression correction, described in Sec. 3.2.4,
further corrects these small residuals.
3.2.4 Pass 4: Helicity Correlated (HC) Beam Properties Corrections
As mentioned in Section 2.1.4, helicity-correlated fluctuations in various beam parameters cause
false asymmetries, Eqn. 2.6. The responses of the detector yield to these fluctuations are assumed
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to be linear. Therefore, the true yield on the detectors can be related to the measured yield as a
linear combination of the beam parameter variations.




where Ycorr is the true yield, and Pi is the change in one of the 6 beam parameters monitored
for helicity-correlation. The corrected asymmetry is accordingly obtained by adjusting the the
measured asymmetry, in this case the rate corrected values, for the false asymmetries induce by
the yield response shown above as




where δPi is the HC difference in the beam parameter. The overall HC differences in the beam
parameters are shown in Table 2.1.6 in the experimental apparatus chapter. The slopes were
calculated using both natural beam motion (NBM) and coil pulsing (CP) [96]. Additionally, the
position slopes were also calculated using a GEANT based monte carlo simulation which validates
the extremely small false asymmetries seen in the backward angle experiment.
The calculation of the slopes from data use a standard multiple linear regression technique,
taking into account the correlations between the 6 beam parameters and the yields as well as
between the 6 beam parameters themselves. The slopes can be calculated from
(< δY ∗ dPi >) = (< dPi ∗ dPj >)dYdPi (3.20)
where < δY ∗ dPi > represents the covariance between the yields and the beam parameters, while
< dPi ∗ dPj > is a 6x6 matrix representing the correlation between the beam parameters. It useful
to re-write the covariance terms in term of values recorded by the analysis software as
< δY ∗ dxi >=< Y ∗ xi > − < Y >< xi > (3.21)
< dxi ∗ dxj >=< xi ∗ xj > − < xi >< xj > . (3.22)
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For each run, the 4 mean values in Eq. 3.21 and 3.22 can be calculated. Once the covariance terms
are calculated, the slopes can be determined from an inversion of the 6x6 matrix in Eq. 3.20.
Since the slopes cannot be determined until the mean values in Eq. 3.22 are calculated, the
final linear regression correction, performed in analysis pass 4, uses the slopes which are determined
in pass 3 and stored in the mySQL database. The slopes from pass 4 are also calculated to verify
they are consistent with zero after the linear regression correction is applied. The corrections to
the yields are done on an MPS by MPS basis independent of the quartet structure or the helicity
state of the yield being corrected (i.e. on a helicity-averaged basis).
Because the spectrometer is azimuthally symmetric, diametrically opposite octants have sensi-
tivities to beam position and angle that are equal and opposite in sign. This characteristic can be
seen clearly when the slopes from are plotted against octant as in Figure 3.17 [118]. The charge
slopes see a small NA vs FR detector dependence due to the differing deadtime corrections applied
to the two sets of electronics as mentioned above.
This azimuthal symmetry suppresses the false asymmetry contribution to the experiment when
the slopes are averaged over all octants. By combining the measured parity quality parameters of
the beam with the octant-summed slopes as in Eq. 3.19, the small false asymmetry induced by the
HC beam parameters can be corrected.
The slopes and false asymmetries of each beam parameter for each data set are shown in Tables
3.6 and 3.7 for the average over the elastic locus and all 8 octants, along with the associated
statistical uncertainties. For the final correction, a 30% systematic uncertainty is assigned to
the total correction to account for noise effects which were studied in detail. The largest linear
regression corrections over the elastic locus is about -0.3 ppm, with the final correction values
shown for all data sets in Table 3.8 [119]. These corrections, as well as their contributions to the
overall uncertainty, of the measured asymmetries are small compared to statistical uncertainties.
3.2.5 Summary
The 4 pass analysis described above includes all the corrections which are made to the data
on a MPS or quartet level in g0analysis and the asymmetries form this final pass are used for
the final physics values. The run averaged asymmetries resulting from these individual passes are
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(a) x slopes sim (b) y slopes sim
(c) x slopes data
Figure 3.17: Simulated x (a) and y (b) slopes over the elastic locus as a function of octant for LH2
687 MeV running. Data on x slope from 362 LH2 shown in (c).
also used to perform additional corrections which will be described in the later sections of this
chapter. Figures 3.18 and 3.19 show the elastic electron asymmetry averaged over all runs in a
given data set for each octant, IHWP and pass. A summary of the effects on the asymmetry
for each analysis pass described above is provided in Section 3.4 with the effects on the dilution
corrected asymmetry values shown in Table 3.25. The consistency between the IHWP state and
the North American/French built octants illustrates the quality of the data.
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Pass 3 Values
LD2 362 Slope (%/δxi) False Asymmetry (ppm)
q -0.0009091 ± 0.0000084 0.00066 ± 0.00019
x -0.0471 ± 0.0059 0.00097 ± 0.00085
y 0.0097 ± 0.0059 0.00013 ± 0.00053
θx 0.37 ± 0.13 -0.0010 ± 0.0014
θy 0.52 ± 0.10 0.0010 ± 0.0012
E 0.336 ± 0.037 0.0025 ± 0.0012
Total 0.0042667 ± 0.002422
LH2 362 Slope False Asymmetry
q -0.0000606 ± 0.0000032 -0.00031 ± 0.00012
x 0.0631 ± 0.0017 -0.00126 ± 0.00074
y -0.8200 ± 0.0016 0.00095 ± 0.00050
θx 0.939 ± 0.027 -0.00096 ± 0.00049
θy 0.21 ± 0.02 0.00072 ± 0.00041
E 0.0775 ± 0.0068 0.00017 ± 0.00023
Total -0.0006865 ± 0.001126
Table 3.6: 362 MeV final slope and false asymmetry values from the HCBP linear regression. Slopes
are shown as yield %/δxi with δxi in units of ppm, nm, nm, nrad, nrad, eV.
3.3 Oﬄine Run Averaged Analysis
Following the four pass analysis described above, additional corrections including physics back-
ground, beam polarization and radiative corrections are made. These corrections rely on a combi-
nation of monte carlo simulation, modeling, and supplemental measurements. A description of the
various techniques and systematic effects on the asymmetries is provided in this section.
3.3.1 Monte carlo Simulations
For the most part, the systematic corrections applied to the measure asymmetries come form
measured quantities. The measurements needed to apply the corrections described in this chapter
were either taken simultaneously with the primary measurement or in short supplemental running
periods. The uncertainties in the systematics of the experiment are, in this way, dominated by
experimental input. However, Monte carlo simulations were a primary tool used through the entire
oﬄine analysis process to validate the methodology of the asymmetry correction and estimate the
few values (such as pi0 decay rates as a background) which could not be directly measured.
G0GEANT, a custom FORTRAN package based on GEANT3, was used as the primary sim-
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Pass 3 Values
LD2 687a Slope False Asymmetry (ppm)
q 0.000851 ± 0.000067 0.00001 ± 0.00032
x 0.177 ± 0.020 -0.0160 ± 0.0081
y 0.0046 ± 0.0076 -0.0009 ± 0.0015
θx -2.00 ± 0.24 0.0250 ± 0.0077
θy 0.16 ± 0.11 0.0010 ± 0.0017
E 0.036 ± 0.025 0.0015 ± 0.0035
Total 0.01051 ± 0.01196
LD2 687b Slope False Asymmetry
q -0.000095 ± 0.000085 -0.00001 ± 0.00032
x 0.383 ± 0.036 -0.0075 ± 0.0090
y 0.176 ± 0.015 0.0006 ± 0.0045
θx -9.86 ± 0.81 -0.0027 ± 0.0077
θy -2.80 ± 0.36 -0.0059 ± 0.0071
E -0.063 ± 0.034 0.0023 ± 0.0023
Total -0.0132 ± 0.014696
LH2 687a Slope False Asymmetry
q -0.003422 ± 0.000032 -0.00035 ± 0.00053
x 0.189 ± 0.025 -0.0037 ± 0.0086
y -0.0916 ± 0.027 0.0061 ± 0.0049
θx -12.00 ± 0.59 -0.0097 ± 0.0034
θy 7.97 ± 0.31 -0.0034 ± 0.0066
E 0.19 ± 0.21 -0.0053 ± 0.0056
Total -0.0163016 ± 0.01363
LH2 687b Slope False Asymmetry
q 0.000286 ± 0.000014 -0.00010 ± 0.00023
x -0.2045 ± 0.0074 0.00045 ± 0.00078
y -0.0519 ± 0.0022 -0.00044 ± 0.00045
θx 1.72 ± 0.10 -0.0020 ± 0.0013
θy 0.336 ± 0.034 -0.00016 ± 0.00022
E -0.10 ± 0.02 -0.0008 ± 0.0015
Total -0.0030 ± 0.00220
Table 3.7: 687 MeV final slope and false asymmetry values from the HCBP linear regression. Slopes
are shown as yield %/δxi with δxi in units of ppm, nm, nm, nrad, nrad, eV.
ulation tool in G0. G0GEANT includes a definition of the G0 physical layout comprising the
target (including fixed radiators), detectors, and spectrometer which was verified against pre- and
post- run in-hall surveys of the physical positions [120]. The simulation allows the selection of
initial experimental parameters including, e.g., beam energy, spectrometer current, target type,
target temperature, max/min electron scattering angles. For every event, an electron is generated
randomly along the length of the target with a randomly assigned initial scattering direction and
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Running Period Correction (ppm) Error (30% total)
362MeV LH2 -0.075 0.023
687MeV LH2, a -0.2873 0.086
687MeV LH2, b 0.1941 0.058
362MeV LD2 0.0098 0.0029
687MeV LD2, a -0.0906 0.027
687MeV LD2, b 0.0252 0.0076
Table 3.8: The final HCBP correction applied to the Pass 3 asymmetry values.
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(a) LH2 362 MeV
Octant






















(b) LD2 362 MeV
Figure 3.18: 362 MeV summary of the four passes effects on asymmetry. For each dataset the the
asymmetry versus octant is shown for pass 1 (circle), pass 2 (square), pass 3 (up triangle) and pass





























(a) LH2 687 MeV
Octant

























(b) LD2 687 MeV
Figure 3.19: 687 MeV summary of the four passes effects on asymmetry. For each dataset the the
asymmetry versus octant is shown for pass 1 (circle), pass 2 (square), pass 3 (up triangle) and pass
4 (down triangle), with IHWP state IN (red) and OUT (blue). Error bars shown are statistical
only.
energy. The electron is then propagated by GEANT through the target, the spectrometer and
all detector volumes. Detector volumes are set as “active”, allowing electron passing through to
be tagged. For each such hit, the detector number, particle position, angle and energy, e.g., are
recorded in an data structure (ntuple). A good electron event, which requires a coincidence of the
front and back FPDs with a CED and a Cˇerenkov detector hit, can be selected using cuts applied
on a track by track basis. In addition, cuts on other key parameters, such as time ordering and
energy deposited in the detector, can be applied to eliminate events which would not otherwise be
recorded in the actual measurement.
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For each process simulated (for example elastic, quasi-elastic, or inelastic scattering) a cross
section is calculated within G0GEANT, and used to weight each event (see below cross section





where dσdEdΩ is the three-fold differential cross section, sin(θ) is the Jacobian between dΩ and dθdφ,
and ∆vol is the phase space volume into which the events are generated. In the case of elastic
electron-proton scattering,for example, the phase space is
∆vol = (Ep,max − Ep,min)(θmax − θmin)(φmax − φmin). (3.24)
The detector rate is then calculated as
R = L× 〈 dσ
dEdΩ
〉 sin(θ)∆ph (3.25)
where L is the luminosity and ∆ph is the subvolume within ∆vol covered by the detectors. The
ratio between ∆ph and ∆vol is equivalent to the ratio of the number of good hits, Nhits, to the total
number of generated events, Nthrown and thus, Eqn. 3.25 becomes
R = L× 〈 dσ
dEdΩ





where wi is the weighting factor associated with each event used to obtain a physical rate when
the
∑
i, the summation over all events, is performed. The events were also scaled by the measured
efficiency of the Cˇerenkov detector as described in Appendix C. The mean of a specific parameter,






where P is the parameter.
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Cross sections and asymmetries for various processes
For the purposes of the G0 backward angle analysis, the main physics processes involved were
elastic electron proton scattering, inelastic scattering in the resonance region, quasielastic and
inelastic scattering from various nuclei (D, He, C, Al), and pion production processes. Table 3.9
summarizes the various cross section models used to determine simulated quantities as described
above.
Process Data Set Reference
Elastic e-p From Kelly form factors [73]
Quasielastic e-p y scaling, PWIA/2 body from Schiavilla [122]
Inelastic e-p scaterring Inclusive resonance region fit [123]
Inelastic e-nuclei scattering (Z + 0.75N)σinelastic
Pion processes MAID 2000 [124]
Table 3.9: Cross sections used in simulations performed for analysis contained in this paper.
Asymmetries are calculated in terms of the ai defined by









where a0 represents the no vector strange component and GsA is negligible as described in Chapter 1.
For the elastic scattering of electrons from proton the Kelly form factors were used to calculate both
the cross sections and asymmetry values. The same form factors were used in the calculations for
quasi-elastic scattering cross-sections and asymmetries for deuterium with the addition of nuclear
interaction effects based on the AV18 NN potential model [122]. To estimate the nuclear physics
uncertainites, calculations with both one- and two-body terms in the electroweak current operator
were compared with one-body effects alone as well as to calculations with plane waves (PWIA) to
describe the final state (final-state interaction effects are ignored in this case). Figures 3.3.1-3.3.1
show an example of the asymmetry coefficients for deuterium along with a cross section profile.
For the final deuterium values PWIA was used for yield calculations at both energies, 687 MeV
EM radiative corrections and as the basis for determining the 687 MeV deuterium asymmetry
coefficients. The 687 MeV deuterium PWIA coefficients were then scaled (by less than ±10%) to
account for missing 2-body effects (which amount to a minor error in the theoretical kinematics).
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Figure 3.20: Asymmetry coefficients a0-a3 are shown for deuterium with initial electron energy of
360 MeV and a scattering angle of 100◦ calculated with PWIA, 1-body effect (Rocco1), and 2-body
effects (Rocco2). The cross section profile is shown in dashed magenta.
For 362 MeV the full 2-body calculation was used. The uncertainty assigned to the asymmetry
coefficients was ∼0.2 ppm.
For the inelastic simulation, a fit to inclusive scattering in the resonance region is used for yield
calculations [123]. Inelastic scattering from heavier nuclei yields are taken from the proton values
scaled by (Z+0.75N) providing a reasonable representation of existing data. For all pion processes
MAID 2000 data was used [124].
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Figure 3.21: Asymmetry coefficients a0-a3 are shown for deuterium with initial electron energy of
680 MeV and a scattering angle of 100◦ calculated with PWIA, 1-body effect (Rocco1), and 2-body
effects (Rocco2). The cross section profile is shown in dashed magenta.
3.3.2 Aluminum Studies
For the elastic electron asymmetry measurement, the primary background comes from scattering
in the aluminum windows of the target cell. For this reason, several dedicated studies of the rates
from the target widows were performed, and the measurements were compared against monte carlo
to assess systematic effects in this contribution.
For the purposes of monte carlo, a radiated y-scaling model was used for the quasi-elastic
processes (see Appendix B.2) and a scaled version of hydrogen was used for the inelastic. Figure 3.22
shows how this model compares with several data sets on heavy nuclei. In general the agreement
is good.
For comparison, rates from dedicated running on the aluminum flyswatter (described above)
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(a) Carbon Ei = 560 MeV 145◦






(b) Helium Ei = 500 MeV 145◦







(c) Aluminum Ei = 2.02 GeV 15
◦
Figure 3.22: dσdΩdE (nb/sr/GeV) vs ω (MeV): Y-scaling simulation (line), data from [125].
were measured, and compared to monte carlo using the radiated y-scaling models, unradiated y-
scaling models, and a dipole form (Fig. 3.23). In general, the data and the full radiated y-scaling
model are consistent.
The background rate from the target windows present during production running were studied
by measuring rates from the target with hydrogen gas (<1% liquid density) in the cell. These data
were corrected to eliminate the small residual contribution from the gas and compared with monte
carlo results from all windows, including radiated elastic and inelastic contributions. Figure 3.24
shows the measured empty cell rates with the simulated values scaled by a factor of two. This scaling
factor was found not to be related to acceptance effects or short comings in the cross-section model.
In additional to the analysis described above, a simple scaling calculation was performed which
also indicated that the measured aluminum rates were larger than expected [127]. Furthermore,
studies of the rates from the other fixed targets (carbon and tungsten), which mock up the rates















Figure 3.23: Flyswatter data (blue), shown against simulation using y-scaling (yellow), y-scaling
with radiation (red), and a dipole model (purple). Each point represents a single cell in the
coincidence matrix. The model in not expected to agree with the data away from the peak region
due to additional background contributions and zero count counting uncertainties.
of this discrepancy between data and the model, a 50% systematic uncertainty was assigned to
the measured aluminum rate used in the final analysis of background contributions to the physics
asymmetries.
3.3.3 General Background Formalism
The CED-FPD coincidence asymmetries measured in the electron matrix are, in general, a
linear combination of the elastic electron asymmetry Aelastic and asymmetry of the background
processes, scaled by the fraction of each contribution to the total yield







i fbackgroundi = 1. For the G
0 backward angle running, measurements and comparisons
with the simulation have shown that 5 processes contribute significantly to the total measured yield:
(quasi)elastic electron scattering, inelastic electron scattering, pi− contamination, electro/photo
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Figure 3.24: 687 MeV Empty target rate data (blue), shown with simulation scaled by a factor of
2 (red).
produced pi0 decays (from the collimators) and scattering processes from aluminum. The complete
expression for the measured asymmetries is
Ameasured = felasticAelastic+ finelasticAinelastic+ fpi−Api− + fpi0Api0 + faluminumAaluminum. (3.31)
The remainder of this section will focus on the extraction of the dilution fractions, fbackgroundi , from
a series of measurements taken over a range of SMS field settings for all target/energy combinations
and describe the actual corrections that were applied to the raw measured asymmetries. Each series
is labeled by i below with i=1 representing the lowest field setting in the series.
3.3.4 Field Scan Dilution Analysis
In order to check our understanding of both the geometrical and momentum acceptance of the
octant detector packages, several short runs at various SMS field setting were taken for all four
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target/energy combinations (see Table 3.10 and Figures 3.25 - 3.28).
Table 3.10: Primary Field Scan Run List
LH2 684 MeV LH2 359 MeV LD2 684 MeV LD2 359 MeV
10/4/2006 7/22/2006 11/15/2006 1/20/2006
60µA 20µA 20 µA 35 µA
Run Current (A) Run Current Run Current Run Current
31235 3500 29879 2400 32332 1900 33435 1400
31236 3700 29880 2550 32333 2100 33436 1600
31237 3900 29881 2700 32334 2300 33437 1800
31238 4100 29882 3000 32335 2500 33438 2000
31239 4300 29884 3150 32336 2700 33439 2200
31240 4500 29888 3075 32337 2900 33440 2400
31242 4900 29889 2925 32338 3100 33441 2600
31241 4700 29893 2775 32340 3300 33442 2800
31243 3300 29897 2625 32341 3500 33443 3000
31244 3100 29901 2250 32342 3700 33444 3200
31245 2900 29902 2100 32343 3900 33445 3400
31246 2700 29905 2175 32344 4100 33446 3600
31247 2500 29906 2325 32345 4300 33447 3800
31248 2300 29907 2475 32347 4500
31249 2100 29911 2400 32348 4700
31250 1900 29995 2650 32349 4900
31252 3400
31253 3600
Figures 3.25-reffig:matrixscanH362 show matrix rate plots at many different field settings for
all target and energy combinations. The general effect is that increasing the field strength tends
to move particles with higher momentum toward the lower CED and FPD values.
Simulations of the five relevant processes were run over a similar range of field (bfil or b),
summed, and compared to the data. For a single elastic cell on the inelastic edge in each target
energy combination, Figure 3.29 shows the rate versus SMS current for all simulated processes
(after scaling, see below), the measured raw rates, the sum of simulated processes and the residual
of the measured from the elastic simulation. In order for the field scan simulations and the data to
be placed on equal footing, two scalings must be determined. First is an octant dependent scaling
of the simulated magnetic field, soctant, to account for slightly different geometries. The second
scaling is an overall efficiency factor applied to all yields in a given cell, 3. Figure 3.30 demonstrates
the effect of these scaling for a single cell on the inelastic side of the elastic locus. Further details
on the determination of these scalings are provided in the following sections. With these scalings,
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Figure 3.25: D684 - Rate matrix at multiple field setting. The central panel is the nominal field setting. Purple - low rate, Red - higher
rate (∼500 Hz/µA).
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Figure 3.26: H684 - Rate matrix at multiple field setting. The central panel is the nominal field setting. Blue - low rate, Red - higher
rate (∼500 Hz/µA).
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Figure 3.27: D359 - Rate matrix at multiple field setting. The central panel is the nominal field setting. Blue - low rate, Red - higher
rate (∼3000 Hz/µA).
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Figure 3.29: Octant 5 - Field scan from single elastic cell on the inelastic edge of elastic locus.














































Figure 3.30: Octant 5 - Example of scalings applied to the simulation for fitting.
the background dilution fraction at the nominal field setting can be determined as





In order to accommodate a common simulation set with all determined field scalings, the simulated
elastic yield Y simulationelastic is determined from a linear interpolation of the scaled, simulated rate at
fields on either side (inom and inom+1) of the nominal field setting (nominal) spaced to match the
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actual field scan
Y simulationelastic = (m(b
measured
nominal − soctantbsimulationinom )− Y simulationelastic,inom)3 where, (3.33)
m =
(Y simulationelastic,inom − Y simulationelastic,inom+1)
soctant(bsimulationinom − bsimulationinom+1 )
. (3.34)




2 + (mδbmeasurednominal )
2 + (mRbsimulationinom δsoctant)
2 where, (3.35)
δ(3Y simulationelastic,inom) ≈ δ(3Y simulationelastic,inom+1) =
√
(Y simulationelastic,inomδ3)




r2 + (1 + r)2 and r =
bmeasurednominal − soctantbsimulationinom
soctant(bsimulationinom − bsimulationinom+1 )
(3.37)















2 + (σ3)2 + (σY simulationelastic,inom)
2 + (σbmeasurednominal )
2 + (σsoctant)2. (3.39)
Appendix F provides a table for each target and energy combination showing all the values described
above for all cells which were fit, as well as an sother (fraction of background coming from fother
described below).
Determining Octant Field Scalings from Field Scan Data
The octant dependent field scaling was determined by comparing the SMS current at which the
(quasi-)elastic rate reaches its maximum in the data to that obtained from simulation for all octants
and many cells based on a gaussian fitting routine. This scaling was found to apply universally to
all target and energy settings. The values are shown in Figure 3.31 and Table 3.11. The ∼ 5%
variation of this scaling with octant number is in agreement with a similar effect observed in the
G0 froward angle data. Results from the elastic simulation at 687 MeV show physical shifts of
the detector package larger than 10 cm (both relative to the beam line as well as distance from
the cryostat) would be required to generate such a variation in the peak positions. Such large
positional octant dependent shifts were not observed at any time during the experiment and point
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Figure 3.31: Universal field scalings applied to the simulated fields were determined using an
average over many cells in the elastic locus. The resulting values for each field are shown in blue.
The results for CED 7 FPD 12 LH2 687 (green) and 362 (magenta) are shown to demonstrate
consistency.










Determining Yield Scaling from Field Scan Simulations
The determination of the yield scaling 3 was done with a χ2 minimizing technique. The χ2






(Y measuredtotal,bfili − 3Y simulationtotal,bfili )2
σ2
(3.40)
σ2 = (δY measuredtotal,bfili )
2 + 32(δY simulationtotal,bfili )
2 + Y simulationtotal,bfili δ3
2 ≈ 32(δY simulationtotal,bfili )2. (3.41)
Assuming that the scale 3 and the σ2 terms are independent, one can write an expression for









Y measuredtotal,bfili − 3Y simulationtotal,bfili )2
32(δY simulationtotal,bfili )
2
) = 0 (3.42)
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The validity of this method can then be tested by evaluating the reduced χ2 with the 3 and uncer-
tainties adjusted as described above. With the inclusion of the 50% global aluminum uncertainty
contribution and fitting over a field range of ±40% of the nominal field setting, χ2ν values were
typically ∼ 1 for deuterium running and less than 1 for hydrogen for each individual cell. These
scalings are primarily manifestations of the Cˇerenkov efficiencies. Aside from the global aluminum
uncertainty, the statistical uncertainty and the uncertainty on the rate scaling dominate (i.e. the
contribution from magnetic field scaling is small).
Correction to the Raw Asymmetry
In order to apply the correction to the raw asymmetry values, Eq. 3.31 is simplified using
several assumptions. First the Aaluminum term is set equal to the quasielastic asymmetry for
deuterium. This assumption is valid at the 1.5% level, with the difference coming from the fact the
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aluminum nucleus contains one more neutron than proton. Additionally, a 15% global uncertainty
was assessed to account for additional nuclear effects. Further, the Api0 is assumed to be zero,
which is consistent with the measured pi− asymmetries [132]. With these approximations, the
asymmetries for LH2 362, LH2 687, LD2 362, and LD2 687 go as Eq. 3.46-3.49, respectively, where
the superscripts represents the successive target/energy combinations. In general a scaling of the
deuterium, n, can be used to estimate the aluminum asymmetry; however with the uncertainties
involved a value of one is used in this analysis. The blinding factor is shown explicitly in each for
these equations.
A[1]measuredblinding














= (1− f [1]aluminum)A[1]elastic + f [1]aluminumnA[3]elastic (3.46)
A[2]measuredblinding













































= (1− f [3]aluminum − f [3]aluminumn)A[3]elastic (3.48)
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A[4]measuredblinding





























= (1− f [4]background + f [4]aluminumn)A[4]elastic







The inelastic signal in the elastic locus was found to be negligible for the hydrogen measurement.
Figure 3.32 shows a plot of momentum versus theta for CED 6 and FPDs 10-12, as well as a line for
the inelastic threshold [129]. In general, all elastic cells were found to be below threshold, except
for CED 6 FPD 11. Over the entire elastic locus the inelastics contributes <0.1% and at that level
would need an asymmetry > 600 ppm to contribute 0.6 ppm to the final result (which is ∼ 25%
of our statistical uncertainty). The asymmetry measured in the inelastic locus is < 60 ppm so it
would require a large threshold enhancement of the asymmetry for this background to contribute




Figure 3.32: CED 6, FPD 10-12 theta versus momentum detector acceptance plot for 687 LH2.
Under these assumptions, for each CED-FPD cell combination, i, the final measured asymme-
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tries are corrected as
Auncor,i = (Ameas,i − fpi−,avg ·Api−,avg − fAl,i · AAl,i − fother,i ·Aother,i)/(1 − fbck,i). (3.50)
where AAl,i is taken as the corrected deuterium value and Aother,i/Api−,avg are set to be zero, fpi−,avg
are applied cell by cell per octant as the locus averaged from the values shown in Tables 3.12 and
3.13, and fother,i, fAl,i, and the total dilution fback,i are taken from the field scan results [130].
The small inelastic and pi0 contributions are captured together by fother. The total background
dilution for every cell is shown in Figure 3.33, and is dominated by the aluminum fraction in all
elastic cells except for those in CED 9 which have an increased fother contribution. The pi0 rate
contribution to fother was also studied in dedicated runs with the SMS polarity reversed. This
revealed the contributions from charge symmetric processes and agreed with simulated e+ rates
from pi0 decays at the 15% level with qualitative distribution agreement [131]. The uncertainty due
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             
             
             
             


























             
             
             
             
             
             
             
             
             


























Figure 3.33: Single cell dilutions from octant 3 for each target energy setting.
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where the “σ” terms are the individual single cell uncertainties and the ∆ terms are the differences
between the measured asymmetry and the indicated background asymmetry. The uncertainty on
fother is taken to be 100% and an uncertainty on Aother is negligible compared to this value. Api− is
determined at the octant level and the measured value of zero is used for single cells [132]. Overall,
the single cell uncertainties are dominated by statistics and the uncertainties on the dilutions
described above.
oct cont σstat σsys,pt
1 5.6 0.4 0.3
2 5.8 0.8 0.2
3 4.2 0.3 0.2
4 4.3 0.3 0.1
5 4.1 0.6 0.2
6 4.9 0.1 0.1
7 4.2 0.5 0.2
8 4.2 0.6 0.2
Table 3.12: LD2 687 M2 (see Table 3.2) pi− Contamination (cont) in percent, σsys,global = 0.3·cont
oct cont σstat σsys,pt
1 2.2 0.1 0.3
2 3.8 0.2 0.2
3 1.7 0.1 0.2
4 2.6 0.1 0.1
5 1.5 0.1 0.2
6 3.3 0.1 0.1
7 2.5 0.1 0.2
8 2.5 0.1 0.2
Table 3.13: LD2 687 M3 (see Table 3.2) pi− Contamination (cont) in percent, σsys,global = 0.3·cont
Once the corrected single cell asymmetries are determined, a weighted average is performed
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where the σApi−,oct are taken from Table 3.14 [132] and σfpi−,oct are taken from Tables 3.13 and
3.12 as the combination of systematic and statistical uncertainties [130]. The octant averaged
Set Oct 1 Oct 2 Oct 3 Oct 4 Oct 5 Oct 6 Oct 7 Oct 8
D362a 2.597 2.350 2.436 2.378 2.647 2.418 2.472 2.332
H687a 14.844 13.060 15.140 13.524 15.028 13.410 14.170 13.437
H687b 6.402 5.471 6.467 5.377 5.779 5.550 5.995 5.590
H362 8.133 5.621 7.906 5.434 7.432 5.671 6.030 4.907
D687M2a 6.324 5.636 6.083 5.68 6.285 5.724 6.086 5.631
D687M3 7.028 6.242 6.772 6.295 7.006 6.346 6.765 6.234
D687M2b 6.383 5.953 6.042 6.018 6.404 6.049 6.098 6.089
Table 3.14: Octant averaged pion asymmetry uncertainties in ppm.
asymmetries for each data set, after this correction has been performed on the pass 4 data, are
shown in Fig. 3.34 with and without the blinding factor. These plots again show consistency









































































































































































































































(g) LD2 687 MeV B/M2
Figure 3.34: Summary of the dilution correction and blinding effects on pass 4 asymmetry. For
each dataset the blinded corrected asymmetry versus octant is shown in blue while the unblinded
values are shown in purple. Error bars contain stat+cell to cell systematics.
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where σfAl,glob is set to 50% of the dilution value, AAl,glob includes a 15% uncertainty to account
for nuclear effect, and σfpi−,glob is assigned for the 684 MeV deuterium as shown in Tables 3.13 and
3.12. Table 3.15 is a summary of the averaged dilution values and associated uncertainties that
feed this calculation.
Target energy fal fpi− fother f
H 362 0.129 ± 0.064 0 ± 0.001 0.003 ± 0.003 0.132 ± 0.064
H 687 0.110 ± 0.055 0 ± 0.001 0.023 ± 0.023 0.133 ± 0.060
D 362 0.099 ± 0.050 0 ± 0.002 0.005 ± 0.005 0.104 ± 0.050
D 687 0.061 ± 0.031 0.04± 0.015 0.029±0.029 0.13± 0.045
Table 3.15: The primary background contributions to the electron yield where the total measured
yield is taken to be a sum of our (quasi)elastic rate, yield from the aluminum target, mis-identified
pion contaminations, and other (including inelastics and pi0 decay). The dilutions were determined
using pass 3 yields which were available on a cell to cell basis.
The final effect of the dilution correction after this averaging and combining the three differ-
ent 687 MeV deuterium sets is summarized in Tables 3.16 and demonstrates that the statistical
uncertainties dominate followed by the global terms (primarily from aluminum). These results
are consistent with an independent fitting method applied on the yields and asymmetries in the
nominal matrix alone [133]. This “fitting” analysis provided a less precise dilution determination,
but served as a useful qualitative cross check. In addition, dedicated wire chamber studies were
made (though not completed) in an attempt to achieve higher precision on the dilution values (see
Appendix D).
3.3.5 EM Radiative Correction
This section describes the effect of ordinary electromagnetic radiative corrections which are
applied to each dataset after background corrections. These radiative corrections (RC) are well
understood features of electron scattering. Electromagnetic radiation causes energy loss for the
incident and scattered electrons, which changes the kinematics. These effects cause changes to
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Target Q2(GeV 2) Ameas(ppm) Abc(ppm)
H 0.222 -9.72 0 -9.22± 0.72 ± 0.09 ± 0.34
D 0.220 -13.50 -13.57± 0.68 ± 0.02 ± 0.07
H 0.626 -36.9 -37.0± 2.02± 0.52 ± 0.74
D 0.629 -37.4 -39.4± 2.84± 0.41 ± 0.20
Table 3.16: Ameas = raw measured asymmetry (pass 2). Abc = Background corrected G0 backward
angle asymmetry with statistical uncertainty and contributions to the overall point-to-point and
global systematic uncertainties due to the background corrections.
the rates, asymmetries, as well as to the momentum transfer, Q2, and thus need to be accurately
determined to properly extract the final form factors.
For the propose of these corrections to the G0 backward asymmetries, a one photon exchange
approximation between the electron current and the hadron current is used, with higher order
terms small compared the associated uncertainties (Sec. 3.3.8) [121]. Also, vertex correction
radiation (Figure 3.35(a)) is not directly included as its contribution is also small compared to the
uncertainties of the other contributions. The effects are divided into two major categories, internal
and external radiation. The internal bremsstrahlung processes occur in the field of the scattering
nucleus as the emission and reabsorption of virtual photons (Fig 3.35), and the effects scale with
target density. External ionization and bremsstrahlung processes, Fig. 3.36, involve two scatterers
and are proportional to the square of the target density. Both types of processes alter the scattered
electrons’ initial and final energy distributions for a given beam energy and cause energy losses
that broaden the elastic (or quasi-elastic) peak and generate a “radiative tail.
The overall effect on the measured parity violating asymmetry is a reduced magnitude due to
the effectively decreased Q2 (caused by the radiation). To determine the correction both the tree
level asymmetry, Atree (Fig. 3.35), and the asymmetry with the electromagnetic radiative effects,
ARC , (Fig. 2), are determined following the prescription laid out by Mo and Tsai [134] in the
G0GEANT simulation (see Sec. 3.3.1). Details of this calculation are provided in the Appendix B.
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Figure 3.36: Amplitudes for real internal radiative corrections.
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term in G0GEANT) where the difference between the two is less than 0.05% of the final corrected
asymmetry. The correction for a0, Rc(a0), alone was used for the final physics asymmetry [121].
The resulting correction had an average statistical uncertainty of ±0.002 for RC . Effects from
target density, magnetic field, deuterium model were minimal. The choice of deuterium model
(Appendix B.2) induced an additional uncertainty of ±0.003 ppm. The corrections for all of the
asymmetry coefficients, listed by incident beam energy, are shown in Table 3.17 for deuterium
targets, and Table 3.18 for hydrogen targets [121].
beam energy= D 363.05
a0 a1 a2 a3 a4
Atree (ppm) -15.492 7.158 1.966 2.882 0.251
ARC (ppm) -15.019 7.089 1.883 2.801 0.243
Rc 1.032 ±0.004 1.010 ±0.001 1.044 ±0.005 1.029 ±0.003 1.033 ±0.004
target/beam energy= D 689.42
a0 a1 a2 a3 a4
Atree (ppm) -52.445 13.755 13.666 11.273 0.983
ARC (ppm) -50.797 13.609 12.994 10.851 0.947
Rc 1.032±0.004 1.011±0.001 1.052±0.006 1.039±0.004 1.038±0.004
target/beam energy= D 689.61
a0 a1 a2 a3 a4
Atree (ppm) -53.537 13.752 13.684 11.284 0.905
ARC (ppm) -52.487 13.623 12.969 10.834 0.9452
Rc 1.035±0.004 1.010±0.001 1.055±0.006 1.042±0.005 1.041±0.005
target/beam energy= D 689.61 Multiplicity= 3
a0 a1 a2 a3 a4
Atree (ppm) -52.347 13.798 13.627 11.246 0.980
ARC (ppm) -50.586 13.662 12.912 10.796 0.94190
Rc 1.035±0.004 1.010±0.001 1.055±0.006 1.042±0.005 1.041±0.004
Table 3.17: Deuterium Electromagnetic Radiative Corrections. Multiplicity = 2 unless otherwise
noted.
3.3.6 Q2 Determination
The determination of Q2 comes from understanding the acceptances of the detector setup, and
the radiative and ionization losses in the initial beam energies, which are explained in detail in
Section 3.3.5. In order to estimate the Q2 for the measured beam energies, a Taylor expansion





target/beam energy= H 361.90
a0 a1 a2 a3 a4
Atree (ppm) -10.434 10.200 8.781 2.684 1.203
ARC (ppm) -10.064 10.110 8.388 2.587 1.156
Rc 1.037±0.002 1.009±0.001 1.047±0.003 1.037±0.002 1.037±0.002
target/beam energy= H 684.86
a0 a1 a2 a3 a4
Atree (ppm) -37.951 21.760 62.523 12.042 5.400
ARC (ppm) -36.612 21.542 59.198 11.508 5.159
Rc 1.037±0.002 1.010±0.001 1.056±0.003 1.046±0.003 1.046±0.003
target/beam energy= H 685.57
a0 a1 a2 a3 a4
Atree (ppm) -38.026 21.783 62.735 12.074 5.412
ARC (ppm) -36.697 21.557 59.420 11.544 5.174
Rc 1.036±0.002 1.010±0.001 1.056±0.003 1.046±0.003 1.046±0.003
Table 3.18: Hydrogen Electromagnetic Radiative Corrections Hydrogen Electromagnetic Radiative
Corrections. Multiplicity = 2.
was used. Using nominal beam energies of 687 MeV and 362 MeV in the G0GEANT simulation,
Q2 values of 0.6301 GeV 2 and 0.2222 GeV 2 were obtained respectively for the elastic locus.
Detector position, target position, energy and magnetic field effects on the Q2 were studied
explicitly and the sensitivities were found to be much smaller than the uncertainties of each quan-
tity, with the exception of the beam energy (Table 3.19). The uncertainty of the beam energy
measurement is close to the sensitivity in Q2; this number was estimated using the uncertainties
on the measured beam energies and shown in Table 3.20. The final Q2 values shown (Table 3.20)
[135] are for the unradiated values, and are thus correspond to the measured asymmetry values
after radiative corrections.
Table 3.19: Q2 sensitivities assuming ∆Q
2
Q2 = 1%.
x 362 LH2 362 LD2 687 LH2 687 LD2 ∆x
zdet 19 18 23 10 1.0cm
rdet 5 3 8 5 0.5cm
ztar 5 4 10 6 0.5cm
Ebeam 2 2 4 5 1.0MeV
BFIL 6 23 7 16 1.3%
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Target/Energy Sys. Err (%) Beam Energy (MeV) Energy (MeV) Q2(GeV 2)/c2
LH2 687a 0.21 685.57 ± 0.92 682.45 ± 0.92 0.6275 ± 0.003
LH2 362 0.27 361.90 ± 0.50 358.75 ± 0.507 0.2217 ± 0.001
LH2 687b 0.27 684.86 ± 0.92 681.74 ± 0.92 0.6264 ± 0.003
LD2 687a (M2) 0.19 689.61 ± 0.93 686.07 ± 0.93 0.6300 ± 0.003
LD2 687a (M3) 0.19 689.61 ± 0.93 686.05 ± 0.93 0.6287 ± 0.003
LD2 362 0.22 363.05 ± 0.66 359.51 ± 0.66 0.2193 ± 0.001
LD2 687b 0.19 689.42 ± 0.93 686.87 ± 0.93 0.6299 ± 0.003
Table 3.20: Q2 Summary; uncertainties include 0.4% model uncertainty.
3.3.7 Beam Polarization Corrections





where P is the contribution from the overall polarization of the beam and KS is an additive
term coming from a transverse component in the longitudinal beam. For the G0 backward angle
experiment the multiplicative value, P, for each data set is described in Section 2.1.5. The value of
the transverse correction is described below.
Transverse Correction
In general, effects from residual transverse components of the beam polarization are small with
averaging over the eight detector sets eliminating such a contributions completely in a perfectly
symmetric system. However, imperfections in this symmetry lead to an additive correction to the
measured asymmetry as shown in Eq. 3.59. Indeed, this correction was found to be small (∼1
ppm), and is included only as an additional systematic uncertainty on the final value [136].
Determining the transverse correction to the longitudinal asymmetry requires both the trans-
verse asymmetry and the residual transverse polarization of the beam during longitudinal pro-
duction running. Dedicated runs with the beam transversely polarized were taken at each target
energy combination. The measured asymmetry, Atrans⊥ , from these runs is a function of the beam
normal spin asymmetry, An, and has a sinusoidal dependence on octant number (related to the
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azimuthal angle around the beam axis φ) based on
Atrans⊥ = −An sin(φ+ φo) (3.60)
where sin(φ + φo) = (pe · nˆ from the spin polarization vector (pe and the normal to the scattering
plane nˆ.
For each dataset the asymmetry versus octant is fit with a sine function and a constant offset
(Figure 3.37(a)) [136]. The out of plane angle of the spin, φ, is defined to be zero to beam left
when looking downstream.
The detector phases were fixed to a weighted average of the 362 MeV values, for consistency, and
an asymmetry amplitude and shift are determined by fitting. The results of the fits are summarized
in Table 3.21 [136].
Table 3.21: Summary of the magnitude of the transverse asymmetries in each dataset. The statis-
tical precision of the 687 MeV data were were reduced because of limited running time.
Dataset H362 D362 H687 D687
Asymmetry (ppm) 176.2 ± 8.7 108.6 ± 7.6 21.0 ± 23 55.2 ± 78
Offset (ppm) -1.7 ± 4 1.4 ± 4 -9.9 ± 14 10 ± 46
χ2
dof 1.9 1.6 0.4 0.5
The transverse component of the beam during production running is determined in multiple
ways to determine consistency, as a sinusoidal fit to the elastic data is not our most sensitive
measurement of φo (Fig. 3.37(c)). First, the longitudinal polarization is measured directly by the
polarimeters for all halls at various Wein angle settings during a “Spin Dance” [94]. In addition, the
sinusoidal variation caused by the transverse component of the beam in the data can be measured
directly in luminosity monitors. A ratio of fit amplitudes in the LUMI data from full transverse
running (Fig. 3.37(b)) and longitudinal running (Fig. 3.37(d)) sets the magnitude and direction
of the transverse component of beam polarization during production running. The LUMI data,
and detector data (Fig. 3.37(c)) in both transverse and longitudinal modes are consistent among
datasets.
The correction, KS , is then calculated from a residual transverse detector asymmetry, AS,
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Figure 3.37: Sinusoidal fits to asymmetries versus azimuthal detector package number to determine
transverse correction (362 D shown as example here). The fit parameters are p1 (amplitude), p2
(phase shift) and p3 (constant offset). a) elastic locus transverse running b) luminosity monitors
during transverse running c) elastic locus during longitudinal running d) luminosity monitors during
longitudinal running.
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where AT is the amplitude of the transverse asymmetry and
PT
P is the relative transverse polar-
ization in the longitudinal running found from the LUMI analysis. An estimate of the detector
asymmetry, AS , is made using the variation in the yields from octant to octant, about ±6%. Con-
servatively assuming that all of this variation comes from a difference in the scattered electron
angle and given the cross section with angle is 1σ
dσ
dθ ∼ 4%/degree, the variation of the asymmetry
with scattering angle is estimated as 1A
dA
dθ ∼ −0.76%/degree for 300 MeV and ∼ 0.16%/degree at
570 MeV. In actuality, differences in yields from octant to octant can be caused by other factors,
some relevant to the detector asymmetry, such as a misplacement of an octant detector package in
radius or a phi variation in the magnetic field. Other effects would impact the detector asymmetry
but not the yields, such as a misplacement of the detectors in phi. The estimate of the detector
asymmetry, AS , presented here provides an upper limit to the actual transverse correction.
The results of this analysis are summarized in Table 3.22 [136] where, as mentioned above, this
correction is not actually applied, but is included as an additional systematic uncertainty for each
target/energy combination.
Table 3.22: Summary of the magnitude of the transverse correction in each dataset.
H362 D362 H687 D687
AT (ppm) 0.35 ± 0.04 -0.83 ± 0.02 0.74 ± 0.04 0.37 ± 0.02
AlumiT (ppm) 23.5 ± 1.2 23.2 ± 0.1 19.0 ± 0.3 18.2 ± 0.4
AlumiL (ppm) 20.8 ± 18 57.4 ± 68 150.5 ± 4.2 100.0 ± 6.1
KS (ppm) 0.022 ± 0.003 0.036 ± 0.002 0.008 ± 0.007 0.012 ± 0.013
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3.3.8 Two boson exchange correction
In addition to the EM radiative effects described above, and applied as a correction to the data,
the asymmetry was also corrected for higher order 2-boson exchange effects [137]
APV = (1 + δ)A
0
PV
















(see Figures 3.38 and 3.39 for the Feynman diagrams corresponding to these terms).
The corrections were calculated by two separate theory groups for the kinematics of many parity
violating experiments including G0. Their calculations provide a comprehensive study of two-boson
exchange (TBE) corrections in parity-violating electron-proton elastic scattering. Specifically, they
calculate the two-boson-exchange (TBE), including two-photon-exchange (TPE) and γZ-exchange
(γZE), corrections including ∆(1232) excitation to the parity-violating asymmetry of the elastic
electron-proton scattering (Figures 3.38,3.39) [138, 139]. The Delta contribution was found to
be much smaller than the nucleon contribution at backward angles (small epsilon), but becomes
dominant in the forward scattering limit (3 ∼ 1). The dependence of the corrections on the nucleon
form factors is small for Q2 < 1 GeV 2.
The nucleon and Delta TBE corrections relevant for G0, along with other past and future
parity-violating experiments are calculated with hadronic and asymptotic effects included in the
vertex corrections described in Chapter 1 removed to avoid double counting. The results from the
two groups are shown in Tables 3.23 and 3.24 with results for G0 boldfaced [138, 139]. The effects
















Figure 3.38: (a) one-photon-exchange, (b) Z-boson-exchange, (c) TPE, and (d) γZ-exchange dia-









FIG. 2: (a) TPE and (b) box diagrams with ∆ interm
Figure 3.39: (a) TPE and (b) γZE box diagrams with∆ intermediate states. Corresponding crossed
diagrams are implied.
3.4 Summary
All of the corrections described above are applied in an order to avoid double counting of
systematic effects. Additionally, systematic uncertainties were broken into point-to-point and global
(across data sets) contributions (see Appendix A). Table 3.25 provides a summary of the additive
and scaling corrections for the background corrected raw values given in Table 3.16 [140].
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Table 3.23: TBE corrections for the nucleon ( δ N) and ∆(δ∆) intermediate states, and their
sum (in percent), at various experimental kinematics from [138]. Also shown are corrections after
removing the existing hadronic, δMS(h), and (hadronic + asymptotic), δMS(t), corrections at Q
2 =
0
Q2 Theta Experiment δN δ∆ δ(N+∆) δMS(h) δMS(t)
0.099 6. 0◦ HAPPEX [1] 0.19 -1.20 -1.01 0.45 2.42
0.477 12.3◦ HAPPEX [1] 0.13 -0.44 -0.31 0.16 0.86
0.077 6.0◦ HAPPEX [3] 0.22 -1.04 -0.82 0.52 2.78
0.100 144.0◦ SAMPLE [5] 1.63 -0.09 1.54 0.06 0.33
0.108 35.37◦ PVA4 [7] 1.05 0.78 1.83 0.37 1.98
0.230 35.31◦ PVA4 [7] 0.62 0.34 0.96 0.23 1.22
0.122 6.68◦ G0 [2] 0.18 -1.06 -0.88 0.40 2.13
0.128 6.84◦ G0 [2] 0.18 -1.03 -0.85 0.39 2.07
0.136 7.06◦ G0 [2] 0.18 -0.99 -0.81 0.37 1.99
0.144 7.27◦ G0 [2] 0.17 -0.96 -0.79 0.36 1.92
0.153 7.5◦ G0 [2] 0.17 -0.92 -0.75 0.35 1.85
0.164 7.77◦ G0 [2] 0.17 -0.88 -0.71 0.33 1.77
0.177 8.09◦ G0 [2] 0.16 -0.83 -0.67 0.32 1.69
0.192 8.43◦ G0 [2] 0.16 -0.79 -0.63 0.30 1.60
0.210 8.84◦ G0 [2] 0.16 -0.73 -0.57 0.28 1.51
0.232 9.31◦ G0 [2] 0.16 -0.68 -0.52 0.26 1.41
0.262 9.92◦ G0 [2] 0.15 -0.62 -0.47 0.24 1.30
0.299 10.63◦ G0 [2] 0.15 -0.55 -0.40 0.22 1.19
0.344 11.46◦ G0 [2] 0.15 -0.48 -0.33 0.20 1.07
0.410 12.59◦ G0 [2] 0.15 -0.41 -0.26 0.18 0.95
0.511 14.2◦ G0 [2] 0.15 -0.32 -0.17 0.15 0.81
0.631 15.98◦ G0 [2] 0.15 -0.26 -0.11 0.13 0.70
0.788 18.16◦ G0 [2] 0.16 -0.23 -0.07 0.11 0.60
0.997 20.9◦ G0 [2] 0.17 -0.22 -0.05 0.10 0.51
0.230 110.0◦ G0 [4] 1.37 -0.10 1.27 0.09 0.47
0.620 110.0◦ G0 [4] 1.10 -0.15 0.95 0.07 0.35
0.030 8.0◦ Qweak [10] 0.57 -0.45 0.13 0.80 4.25
The final physics asymmetries with statistical, point-to-point and global systematic uncertain-
ties are then [140]
AHphys(0.222 GeV
2) = −11.25 ± 0.86 ± 0.27± 0.43 ppm (3.67)
ADphys(0.220 GeV
2) = −16.93 ± 0.81 ± 0.41± 0.21 ppm (3.68)
AHphys(0.626 GeV
2) = −45.9± 2.4 ± 0.8± 1.0 ppm (3.69)
ADphys(0.629 GeV
2) = −55.5± 3.3± 2.0 ± 0.7 ppm. (3.70)
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Table 3.24: The TBE corrections for HAPPEX, A4, and G0 experiments from [139]
Q2 3 δN (%) δ∆(%) δ∆(2γ)(%) δ∆(γZ)(%) δTotal(%)
0.122 0.993 0.32999 -1.39024 +0.176148 -1.566388 -1.06034
0.128 0.9926 0.326538 -1.34524 +0.181213 -1.526453 -1.018702
0.136 0.9921 0.321748 -1.29431 +0.187282 -1.481592 -0.972562
0.144 0.9916 0.317386 -1.24771 +0.193068 -1.440778 -0.930324
0.153 0.9911 0.312071 -1.20549 +0.199871 -1.405361 -0.893419
0.164 0.9904 0.307419 -1.1506 +0.206863 -1.35763 -0.843181
0.177 0.9896 0.302255 -1.09474 +0.214809 -1.309549 -0.792485
0.192 0.9886 0.297906 -1.03253 +0.222607 -1.255137 -0.734624
0.210 0.9875 0.292505 -0.97324 +0.231872 -1.205117 -0.678195
0.232 0.986 0.288364 -0.90318 +0.240771 -1.143957 -0.614822
0.262 0.984 0.283563 -0.82578 +0.251392 -1.077181 -0.542226
0.299 0.9814 0.280011 -0.74466 +0.261103 -1.005763 -0.464649
0.344 0.9783 0.276728 -0.66835 +0.270129 -0.938486 -0.391629
0.410 0.9735 0.275062 -0.57913 +0.277085 -0.856219 -0.304072
0.510 0.9657 0.276632 -0.47939 +0.277487 -0.75688 -0.202761
0.628 0.9558 0.281645 -0.39703 +0.268 -0.665038 -0.115393
0.789 0.9413 0.291302 -0.32100 +0.245503 -0.566504 -0.029699
0.997 0.9197 0.306985 -0.25287 +0.207554 -0.460431 0.054108
0.224 0.199 1.57438 +0.06270 -0.011932 +0.074633 1.637081
0.624 0.183 1.31839 +0.02900 +0.006542 +0.022458 1.343978
Table 3.25: Corrections to the raw elastic asymmetries after background correction (Table 3.16).
Rate and “Other” corrections are additive; beam polarization corrections, (1/0.858)± 0.02± 0.01,
and electromagnetic radiative corrections are multiplicative. “Other” corrections include those
for helicity-correlated beam parameters, the small transverse component of beam polarization, and
two-boson exchange. The uncertainties for the corrections are point-to-point and global systematic.
Target Q2 Rate Other EM Radiative
(GeV2) (ppm) (ppm)
H 0.222 −0.31± 0.08 ± 0 0.22 ± 0.08 ± 0.01 1.037 ± 0.002 ± 0
D 0.220 −0.58± 0.21 ± 0 0.06 ± 0.10 ± 0.01 1.032 ± 0.004 ± 0
H 0.626 −1.28± 0.18 ± 0 0.29 ± 0.11 ± 0.01 1.037 ± 0.002 ± 0




The asymmetries presented in Section 3.4, together with the asymmetries measured in the





the expression first presented in Equation 1.61 (including electroweak corrections)
Aphys(Q







2 + τ(GpM )
2
]
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A with coefficients to represent the relative sensitivities to each form factor as
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A . The details of the final asymmetry values, determination of the asymmetry




A with the associated uncertainties are
described in the remainder of this chapter.
4.1 Final G0 asymmetry values
4.1.1 Adjusted Backward Angle Values




A , three separate asymmetry
measurements (forward proton, backward proton, and backward deuteron) are needed at a common
Q2 value. The G0 backward angle values from hydrogen and deuterium measurements at each
common beam energy, given in Section 3.4, had slightly different finalQ2 values. These asymmetries
values are therefore adjusted in pairs to common Q2 values of 0.221 GeV2 and 0.628 GeV2 using
the kinematic sensitivities, δAδQ2 , of -123.0, -113.8
ppm
GeV 2 , respectively, for the high energy and low
energy hydrogen results, and -138.6, and -111.2 ppmGeV 2 , respectively, for the deuterium. The adjusted
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backward angle asymmetries are then
AHphys(0.221 GeV
2) = −11.10 ± 0.86± 0.27 ± 0.43 ppm (4.9)
ADphys(0.221 GeV
2) = −17.07 ± 0.81± 0.42 ± 0.21 ppm (4.10)
AHphys(0.628 GeV
2) = −46.05 ± 2.41± 0.83 ± 1.03 ppm (4.11)
ADphys(0.628 GeV
2) = −55.38 ± 3.31 ± 1.97 ± 0.71 ppm. (4.12)
with statistical, point-to-point systematic, and global systematics uncertainties, respectively (see
Appendix A).
4.1.2 Forward Angle Results interpolation
The G0 forward angle experiment measured asymmetries over a range of Q2 values (0.12 ≤ Q2
≤ 1.0 GeV2) (Sec. 1.6.6). A calculated no vector strange asymmetry







2 + τ(GpM )
2
× {3(GpE)2 + τ(GpM )2(1− 4sin2θW )(1 +RPV )
− (3GpEGnE + τGpMGnM )(1 +RnV )
− 3′(1− 4sin2θW )GpMGeA} . (4.13)
is often subtracted from the measured forward angle results to highlight the contributions from
the strange quarks. For the purpose of the form factor extraction, this difference is fit and an
interpolated value at Q2=0.22 and 0.63 GeV2 is determined. Figure 4.1 shows both linear and
quadratic fits to the data using the 11 and 13 of the highest Q2 data points. For the form factor
extraction below, values from the linear fit of the 11 highest Q2 data points are used with uncer-
tainties estimated from the spread of the various fit models. The forward angle asymmetries used
in the form factor extraction are then
Afphys(0.221 GeV
2) = −4.77 ± 0.36± 0.21 ± 0.23 ppm (4.14)
Afphys(0.628 GeV

































Figure 4.1: Fit of the G0 Forward Angle results. Both linear and quadratic fits to the data using
the upper 11 and 13 data point are shown. The solid blue fit is use for the results presented here.
4.2 Form factor extraction
The extraction of the form factors, with the asymmetries above in-hand, requires the input of
known standard values to determine the a0-a3 coefficients for the proton scattering measurement. A
list of the standard values present in these terms and presented in Chapter 1 or in Ref. [22] is shown
in Table 4.1. Additionally, the electroweak radiative correction R terms (from Sec. 1.5) and the
GsA value from HERMES inclusive measurements, both presented in Chapter 1 are gives in Table
4.2. For the ordinary proton electromagnetic form factors, Gγ,(p,n)E,M the Kelly parameterization,
presented in Section 1.6.1, is used uncertainties as given in Table 4.3. For the deuteron, nuclear
effects are also included on top of the Kelly proton and neutron form factors, as described in Section
3.3.1.













Table 4.1: Standard Parameters: The uncertainties are either negligible or included in overall form
factor uncertainties (Λ). ΛA uncertainties are unimportant as this value controls the Q2 dependance







R(T=0)A -0.23826 ± .20
R(0)A -0.55 ± .55
GsA -0.08 ± .04
3F-D 0.585 ± 0.023
Table 4.2: Radiative Terms and GsA used in the G







Table 4.3: Form Factor uncertainties






2) = −4.68 + 23.02GsE + 4.13GsM + 0.21Ge(T=1)A ppm (4.16)
AHphys(0.221 GeV
2) = −10.35 + 10.31GsE + 8.62GsM + 2.64Ge(T=1)A ppm (4.17)
ADphys(0.221 GeV
2) = −15.67 + 7.07GsE + 1.99GsM + 2.92Ge(T=1)A ppm (4.18)
Afphys(0.628 GeV
2) = −23.68 + 79.39GsE + 42.87GsM + 2.46Ge(T=1)A ppm (4.19)
AHphys(0.628 GeV
2) = −38.28 + 21.57GsE + 62.84GsM + 12.10Ge(T=1)A ppm (4.20)
ADphys(0.628 GeV




EHb,lowi 0.35871 GeV 0.139
EDb,lowi 0.35986 GeV 0.139
EHb,highi 0.68173 GeV 0.135













Table 4.4: Final energies and Q2 values.
4.2.1 Extracted form factors
The calculated form factor sensitivities with the final asymmetry values are solved to give the
three form factors for both the low and high Q2
GsE(0.221 GeV
2) = −0.0142305 ± 0.035562 ± 0.0181952 ± 0.0176497 (4.22)
GsM (0.221 GeV
2) = 0.0833777 ± 0.18337 ± 0.0854892 ± 0.0780912 (4.23)
GeA(0.221 GeV
2) = −0.501236 ± 0.317127 ± 0.193005 ± 0.0878386 (4.24)
GsE(0.628 GeV
2) = 0.110227 ± 0.0488068 ± 0.0296044 ± 0.0236998 (4.25)
GsM (0.628 GeV
2) = −0.12354 ± 0.10953 ± 0.0614285 ± 0.0316972 (4.26)
GeA(0.628 GeV
2) = −0.197329 ± 0.425414 ± 0.256755 ± 0.0948741 (4.27)
The uncertainty associated with each expression is the statistical, point-to-point systematic and
correlated global systematic contribution. These uncertainties come from the reported uncertainties
on the asymmetries (which dominate) along with additional contributions to the point-to-point
shown in Table 4.5 and global contributions shown in Table 4.6 from the additional inputs described
above. Figures 4.2 and 4.3 show the sensitivities of each measurement to the various form factors
along with the 68% and 95% confidence intervals around the most probable values. The confidence
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contours shown are projections at the central value, of the three dimensional error volume defined
by the three separate from factors values and include the additional systematic uncertainties applied
on top on the asymmetry uncertainties.








(a) GsE vs G
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(b) GsE vs G
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(c) GsM vs G
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2 =0.63 GeV2 including statistical and
systematic contributions. Blue, forward angle; Red, backward angle hydrogen; Green backward
angle deuterium. For each plot the unshown form factor is set to the extracted value. The solid
black circle represent a projection the 68% confidence level interval, and the dashed ellipse is 95%
CL from the error volume determined by the G0 results alone, and include the additional systematic
uncertainties applied on top on the asymmetry uncertainties as described in the text.
4.3 Conclusion









2 = 0.1 GeV2 using the low Q2 fit to previous data (see Sec. 1.6.7). The PVA4
result at Q2 = 0.221 (see Sec. 1.6.4) is shown [84], and which in contrast to the G0 results, did not
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(b) GsE vs G
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(c) GsM vs G
e
A





2 =0.22 GeV2 including statistical and
systematic contributions. Blue, forward angle; Red, backward angle hydrogen; Green backward
angle deuterium. For each plot the unshown form factor is set to the extracted value. The solid
black circle represent a projection the 68% confidence level interval, and the dashed ellipse is 95%
CL from the error volume determined by the G0 results alone, and include the additional systematic
uncertainties applied on top on the asymmetry uncertainties as described in the text.
use a deuterium measurement and assumes a value for Ge,T=1A determined by a normalization to
the calculation of Ref. [64] (shown in Fig. 4.4c) of a dipole form factor with a mass parameter, MA
of 1.032 GeV. The lattice calculations of the Adelaide [36] and Kentucky [37] groups are also shown
with GsE,M . The G
e,T=1
A results from the SAMPLE experiment [80] are shown with the calculation
of Zhu, et al. [64]. All measurements are consistent with one another.
In conclusion, the G0 collaboration has measured backward angle parity-violating asymmetries
in elastic electron-proton and quasielastic electron-deuteron scattering at Q2 = 0.221 and 0.628
GeV2. With the previous results from the forward angle experiment, these asymmetries determine
the neutral weak interaction analogs of the ordinary charge and magnetic form factors of the




A . The final extracted
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
Figure 4.4: The form factors a) GsE , b) G
s
M , and c) G
e
A determined by the G
0 experiment forward-
and backward-angle measurements [140]. Error bars show statistical and statistical plus point-
to-point systematic uncertainties (added in quadrature); shaded bars below the corresponding
points show global systematic uncertainties (for G0 points). For GsE and G
s
M , the extraction from
Ref. [91] as well as the results of the PVA4 (Mainz) experiment [84] are also shown. The recent
lattice calculations from Adelaide [36] and Kentucky [37] groups are also shown; for the former the
uncertainties are smaller than the symbols. For Ge,T=1A , results from the SAMPLE experiment [80]
are shown together with the calculation of Zhu, et al. [64] and the fit of the charge current axial
form factor GA,cc [78]. Figure from [140].
159
Q2=0.22 GeV2 Q2=0.63 GeV2
×10−3 GsE GsM GeA GsE GsM GeA
EHbi 0.642 3.61 0.607 0.841 1.58 0.359
EDbi 0.590 3.81 10.2 0.496 1.24 5.52
Q2f 3.52 1.59 8.24 5.61 0.673 6.65
Q2Hb 3.13 17.6 2.96 4.43 8.32 1.89
Q2Db 2.90 18.7 50.0 3.17 7.89 35.2
Gγ,pE 1.14 0.837 9.78 2.95 0.255 3.81
Gγ,pM 1.23 3.10 9.17 3.77 4.77 6.84
Gγ,nE 3.3 2.66 7.12 4.53 1.52 6.77
Gγ,nM 2.32 6.56 40.1 1.26 7.98 14.0
aD0 4.08 26.3 70.5 1.30 3.24 14.5
aD1 10.4 67.0 1.79 0.176 0.438 1.96
aD2 0.518 3.34 8.95 0.110 0.274 1.22
aD3 1.98 12.8 34.2 0.893 2.22 9.93
Total 8.44 40.2 104 10.5 15.5 44.0
Table 4.5: Additional uncertainty contributions to extracted form factors: systematic. The aDi
terms are from the deuterium model.
Q2=0.22 GeV2 Q2=0.63 GeV2
×10−3 GsE GsM GeA GsE GsM GeA
Efi 0.00438 0.00198 0.0102 0.0134 0.00161 0.0159
GsA 0.613 3.96 1.44 0.550 1.37 0.648
EW Rad. Cor 2.52 16.3 5.93 2.26 5.63 2.66
Total 2.59 16.7 6.10 2.33 5.79 2.74
Table 4.6: Additional uncertainty contributions to extracted form factors: global
values of the form factors at the momentum transfers indicate that the strange quarks contribute
to the nucleon form factors at a level of < 10% and agree well with result results from the lattice.
Measuring at a precision which would distinguish these small values from this newest theory
presents a large challenge for experimentalists. The high energy GsE point shows some signs of
significant strange contribution and this will be studied by a future measurement described below.
Reconciling the ∼40% contribution of strange quarks to the overall sea quark piece of the proton’s
momentum and the relatively larger (∼-0.3 n.m. for µs) low Q2 limiting values, with these mea-
surements and lattice results will serve to help reveal the underlying dynamics of the sea quarks in
the nucleon.
The results also provide, for the first time, information on the Q2 dependence of Ge,T=1A and
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suggest a signal from the nucleon anapole moment in the form of a systematic reduction in mag-
nitude of the axial form factor from that seen in neutrino scattering, GA,cc [78], though higher
statistics are needed to clarify the situation.
4.4 Outlook and related future measurements
The measurement of GsE at Q
2=0.6 GeV2 points to a strange contribution which is possibly
larger than that predicted by lattice, although only at the 1.5σ level. To improve the precision
here, the HappeX collaboration completed data taking for HappeX-III in late 2009. This is a high
precision Hall A measurement using the 3.4 GeV2 CEBAF beam at JLab on a hydrogen target to
measure the parity violating asymmetry at Q2=0.6 GeV2. The collected charge on target is shown
against the initial projection in Figure 4.5. With this amount of data, expected strange factor
sensitivity and uncertainty contributions [145] are
GsE + 0.48G
s
M ± 0.0081(experimental) ± 0.0071(theoretical) (4.28)
with the experimental uncertainty including both statistical and systematic contributions and
the theoretical uncertainty represented the additional form factor uncertainties. This precision is
roughly three times smaller than that achieved in the G0 forward angle measurement. Additionally,
PVA4 has backward angle data on deuterium at Q2=0.23 GeV2 and forward angle data on hydro-
gen at Q2=0.6 GeV2 currently under analysis. Their uncertainties are expected to be comparable
to those measured by G0.
No other PVES measurements are currently planned apart from those explicitly mentions in this
document. However, measurements of so called generalized parton distributions functions (char-
acterizing momentum and spin contribution to hadrons) can be used to determine the individual
quark form factors [146]. This type of measurement will be a focus of the upgraded 12 GeV JLab
physics program as well as at COMPASS. A new global analysis, such as that performed in [91]
for Q2 = 0.1 GeV2, should also be performed, with all the world PVES asymmetries included, to
provide a robust and consistent picture of the form factors across all Q2 values.
Parity-violating asymmetries in inclusive single pion electroproduction from the proton were
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Figure 4.5: Charge collected by HappeX-III.
measured simultaneously with the G0 PVES data in the “inelastic” locus [147]. These measure-
ments are sensitive to the spin response of the nucleon in transition to its first excited state, ∆,
and can be characterized by GAN∆ (the N-∆ axial transition form factor). This will be the first
measurement of these values in the neutral weak sector and complement existing charge current
data taken for 0.5 < Q2 < 2.5 GeV2.
The beam normal spin (transverse) asymmetry data taken with the G0 apparatus from elastic
electron-proton scattering [148], described briefly in the analysis chapter, is proportional to the
imaginary part of the two photon exchange amplitude. The real part of this amplitude is thought
to be a major contribution to the discrepancy observed in the measured values of the ratio GE/GM
coming from Rosenbluth and polarization techniques. The amplitudes will be determined at both
G0 beam energies. Analysis on these additional physics topic from the G0 collaboration is nearing
completion and publications are expected soon.
Additionally, the low energy constant characterizing parity-violating γN∆ electroexcitation, d∆,
has been determined from low energy, near threshold, pion measurements using the G0 deuterium
target [104] and excludes 75% of the current theoretical range at the 1 σ level [149]. A publication





An effort has been made to divide the systematic uncertainties in the G0 experiment into
two primary pieces, a point-to-point and a global contribution. The point-to-point systematic
uncertainty represents the uncertainties which are uncorrelated amongst the individual data sets,
while the global contribution represents the uncertainties which are 100% correlated between sets.
This has been done to simplify the correlation effects between parameters typically expressed using a
full covariance matrix. To clarify, global uncertainties on the form factors shown in Fig. 4.4 indicate
how much all point may move together while the statistical plus point-to-point uncertainties show
how much one point may move relative to another.
As an example, the beam polarization correction (described in Sec. 3.3.7) is a multiplicative
factor, (1/0.858) ± 0.02 ± 0.01 applied to all measured asymmetry values with point-to-point and
global systematic uncertaintinties shown respectively. The point-to-point contribution arrises from
uncertainties in the experimental setup that varied with dataset like the setting of the Mo¨ller
magnets, while the correlated global contribution arrises from uncertainties common among data
sets like the Mo¨ller foil polarization. The point-to-point systematic piece adds uncertainties in the
associate asymmetry correction of σptA for a specific data set independent of the other asymmetry
values, while the global contribution σglobalA indicates the amount to which all measured asymme-
tries may vary together based on the beam polarization correction. These error pieces then feed






A detailed report of the radiative corrections applied in G0 are provided in [121] which follows
the method of Tsai outlined in [134]; some of the more pertinent sections of which are provided
here.
In G0GEANT the electron initial position, initial energy (Es), and final energy (Ef ) are ran-
domly chosen for an interaction point in the target on and event by event basis, along with the
electron scattering angles, θ and φ. The energy values are modified in order to account for the
result of electromagnetic radiation (ionization losses which occur in the target prior to the scatter-
ing event are treated separately and included in all simulations). Radiative effects are applied at
the cross-section level (per Mo and Tsai, [134]) and results are then used to determine corrections
needed to determine the final radiated asymmetry value ARC . Each simulated event is randomly
assigned a final scattered energy, Ep. The value of this is used to divide radiative corrections into
two distinct categories, the peak region, where Ep is within 1 MeV of the energy for elastic scat-
tering, and the tail region, typically taken to >100 MeV away from the elastic peak. The statistics
of events thrown in each region were controllable in software.











where dσelasdΩ is the elastic cross section, δ is given by Eq.(II.6) in [134], and
















y dy. ξ is a parameter in Landau straggling





T = target thickness in units of radiation length
x0 = unit radiation length in gm/cm2

















T, represents the “effective” total target thickness the electron passes through prior to scattering.
These terms are combined as bt = bH2tH2 + bAltAl + bHetHe with tH2 the cryogenic fluid thickness
the electron passes through prior to the scattering event, and tAl/tHe are the thickness of the
aluminum windows and the helium cell, respectively. The position of the scattering event within
the material is taken to be T2





where ωs is the maximum energy of a photon which can be emitted along the direction of the
incident electron, and ωp is the maximum photon energy which can be emitted along the direction
of the outgoing electron
ωs =
u2 −M2P
2M − 2Ep(1− cos θ) , (B.7)
ωp =
u2 −M2P
2M + 2Ep(1− cos θ) . (B.8)
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The missing mass squared is
u2 = 2m2e +M
2
p +Q
2 + 2Mp(Es − Ep). (B.9)
Terms for external bremsstrahlung losses after the interaction, are calculated within G0GEANT
separately and are omitted in Eq. B.1. Asymmetry values are simply calculated in the peak using
the adjusted kinematics.
A separate “tail” calculation is performed when Ep is less than E′−∆E. In this case, ionization,









M + (Es − ωs)(1 − cos θ)


































Internal bremsstrahlung is determined by two effective external radiators, each of thickness tr in
radiation lengths, placed before are after the interaction [121]. φ(v) represents the bremsstrahlung
distribution with φ(0) = 1. Equation B.10 represents an average value between the case where an
electron with a final energy Ep emits a photon with energy Es before interaction or a photon with
energy ωp, is emitted after the interaction.
The parity violating asymmetry for a tail event is formed by averaging the asymmetries for








(Apv(E − ωs)dσelas(Es − ωs)dΩ )
M + (Es − ωs)(1 − cos θ)
M − Ep(1− cos θ)














This asymmetry calculation also corrects the incident electron for spin flip depolarization charac-
terized by Dext and depolarization due to internal bremsstrahlung by Dint[121] .
B.2 Deuterium Simulation
The deuterium radiated cross-section calculation uses the same procedure as hydrogen but with
an additional energy variable included to account for broadening from non-zero nucleon momentum
in the target nucleons.
The cross section in deuterium is a function of the struck nucleons momentum internal to the
nucleus. This was accounted for by generating an energy difference, ω = Es−Ef as function of the
nucleons momentum. Ep is kept as a function of the radiated photon energy alone. The non-zero
nucleon momentum is modeled in multiple ways. One method, y-scaling, assigns the magnitude of





taking the mass of the nucleon as the mass of a proton, and the direction of the nucleons momentum
to be the same as the direction of momentum transfer.
This modifies Eq. B.9 as
U2 = 2m2e +M
2




−2[E2s + EpEf − Es(Ef + Ep) cos θ]
y√
2EsEf (1− cos θ) + ω2
(B.16)
and Eqs. B.7 as B.8
ωs =
u2 −M2P





2Eh + 2Es(1− cos θ)− 2( (Pp · pˆ
. (B.18)
where
(Pp · sˆ = y (Es − Ef cos θ)|q3| (B.19)








2EsEf (1− cos θ) + ω2 (B.22)
A second model which treated the deuterium as a series of elastic scattering off of “heavier”
nucleons was implemented as a comparison to the the y-scaling model described above. Under this








A comparison of these two models along with a full continuum correction per Tsai is shown
in Figure B.1. Although there are large differences in the low energy tails, the models are fairly
consistent in the peak regions. A 5% uncertainty on yields in the elastic locus is assigned to account
for these differences.
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Two important intrinsic properties of the G0 Cˇerenkov boxes were a non-negligible position
dependent efficiency and a probability for real pions to generate a electron-like response introducing
an important background to the electron measurements. The techniques used to determine both
properties are described below.
C.0.1 Efficiencies
Understanding the efficiencies of the Cˇerenkov detectors is crucial in order to accurately compare
measured rates to those from simulation. For this reason a variety of techniques were used to obtain
these values and were cross checked against one another. The primary technique used required
dedicated test runs with pulse frequency decreased to 31 MHz. The extended time between pulses,
allowed higher resolution TOF spectra of the pions and electrons to be acquired in the FASTBUS
timing electronics. The summed (electron plus pion) spectra were fit to two guassians to determine
the relative widths and height of the individual contributions (Fig. C.1). The events associate (or
not) with a Cˇerenkov trigger were then separated (Fig. C.1). A ratio of the number of electrons
identified by the Cˇerenkov over the total number determined by summed the fit then establishes
the efficiency of the detector [141]. The efficiencies determined in this way are shown for the M2
trigger in Figure C.2 with uncertainties at the level of a few percent. With the Cˇerenkov trigger set
to M3, all effiencies are reduce by ∼ 15%. The efficiencies were also determined from the 31MHz
data by generating the Cˇerenkov trigger in software via the ARS data (more on ARS below) and
in general the two agree.
Cˇerenkov efficiencies were also obtained from dedicated runs were the coincidence rate in the
individual cells were measured with both M2 and M3 multiplicity signals. The ratio of these rates
is proportions to the ratio of efficiencies in each configuration. Assuming a functional form for the
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(a) 362 MeV D with Fits









(b) 362 MeV D with Triggered spectra











(c) 687 MeV D with Fits











(d) 687 MeV D with Triggered spectra
Figure C.1: TOF spectra with the summed two Gaussian fit results on the left and the Cˇerenkov
triggered (M2) events on the right. Electron events are shown in blue, pions in red. The electron
timing window used in the analysis is shown by the green lines.





where x is the the number of events and u is the mean event rate, the individual efficiency can be
extracted [141]. Further, a simulation was used to obtain the average Cˇerenkov positions and angle
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Figure C.2: Cˇerenkov Efficiency Matrix (M2 Trigger)
of electrons in a given coincidence pair. This information was then used to extract the efficiencies
based on controlled in-beam tests performed at TRIUMF to map out these responses [142]. The
cell by cell comparison of results from all methods, which are in good agreement, are shown in
Figure C.3.
C.0.2 Misidentified Pions
An important background to measure for the elastic electron measurement are misidentified
pions which are recorded to the electron channel of the standard G0 electrons. This pion contam-
ination was primarily determined using an analysis from the Analog Ring Sampler (ARS) [130].
These were supplemental electronics equipped to obtain digitized timing spectra from all Cˇerenkov
phototubes. From this data, the number of photoelectrons produced from a given event can be
determined and histogrammed (Fig. C.4, black distribution show single tube response). This dis-
tribution is then fit to a summed poisson distribution for both electron and pions (Fig. C.4: black

















Figure C.3: Efficiency Comparisons
trons) and compared again the Cˇerenkov triggered ARS spectra (Fig. C.4: purple distribution).
The residual pion tail from the fit under the Cˇerenkov triggered distributions determines the pion
contamination in the triggered electron signal. Results from this analysis were again compared to
TRIUMF test results as well as to monte carlo. The systematic uncertainty from the fit parameters
is reflected in the contamination results given in Section 3.3.3.












(a) 362 MeV ARS spectrum












(b) 687 MeV ARS spectrum
Figure C.4: ARS spectra. The fit is a modified Poisson distribution convoluted with a gaussian.





In March 2007, a pair of drift chambers were placed into octant 7 of the detector system in an
attempt provide a higher resolution measurement of scattered particle’s angle and momentum from
the deuterium at high energy. Two drift chambers (DC1 and DC2) used in the HKS spectrometer
for experiment E01-011 were used for this purpose. These chambers, with specifications listed in
Table D.1 [150], provide positional and angular tracking of charged particles passing through the
12 wire layers. The orientation of the wire plans is shown in Figure D.1.
Table D.1: HKS Drift Chamber Specifications
Geometrical parameters
Dimensions (L×W×T) 59.25” × 22.75” × 3”
Active Region 48.2” × 12”
Wire Plane Configuration U,U ′,X,X ′, V, V ′
Position and Angular Resolution
Position(X) 162 µm(rms)
Position(Y) 163 µm(rms)
Angular ∼ 2.5 mrad
Operational Parameters
Operational HV 1970 V
Threshold 3.0 V
Gas content Argon/Ethane 50:50 mixture
Gas Pressure ∼ 16 psi
For the G0 experiment, the two chambers were mechanically coupled with a spacing of 8.16
cm between the centers of the active detection volumes. The chambers were mounted to the ferris
wheel in octant 7 on rails and could be moved in and out of the normal detector set acceptance
(See Fig D.2). With this setup, mechanic interference restricted the chambers from being inserted
to provide full coverage of the CED/FPD detection space, and only the central third of the FPD

















Figure D.1: A schematic of the wire orientation of each wire plan in the HKS drift chamber.
(a) Drawing (b) Photo
Figure D.2: a) A schematic in the drift chamber rail system installed on octant 7. b) Photo of the
retracted chamber with cabling.
show the drift chamber detection rate from low current LD2 687 running in coincidence with each
CED/FPD pair. Simulation of the chamber response was performed using GEANT (see Fig. D.4);
and a 10 fold increase in resolution for elastic/inelastic separation and background measurement
was expected over the standard G0 detector setup.
Drift chamber data were recorded by VME F1 TDC logic modules, also used by the HKS
experiment, which are multi-hit TDCs with 1 microsecond buffered full scale range [150]. These
electronics, housed in a shielded hut in the experimental hall, were fed a copy of the G0 coincidence
trigger signal as a common stop signal for the TDC recording. A standard set to of Hall C DAQ
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Figure D.3: CED/FPD and drift chamber acceptance shown in CED/FPD space.
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Figure D.4: Left: Plot of simulated FPD yield of CED3. Right: Drift chamber yield vs theta
for CED 3. Red lines correspond to elastic electrons, while the blue lines correspond to inelastic
electrons.
electronics is used for control of this setup. Beam currents of ∼2µA were used to avoid saturating
the wire signals and tripping off the high voltage supplies.
A series of 2 µA, 10 minute runs were taken in March 2007 to acquire yield information in
the drift chambers. These data sets contain no helicity information and so are not suitable for
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asymmetry analysis. Additionally, coincidence logic information was not available for the drift
chamber data, so the HV on certain sets of detectors was turned off for each run so that CED/FPD
coincidence could be determined from position information. Table D.2 lists the active CED and
fed detectors for each run along with the run numbering from the G0 and HallC DAQ.
CED FPD HC Run G0 Run
ALL ALL 62300-62304
1,4,7 3,6,9,12,15 62306 34719 (PS3), 34720
1,4,7 4,7,10,13,16 62310 34725
1,4,7 5,8,11,14 62311 34726
2,5,8 5,8,11,14 62312 34727
2,5,8 4,7,10,13,16 62307, 62308 34722, 34723
2,5,8 3,6,9,12,15 62313 34728
3,6,9 3,6,9,12,15 62314 34729
3,6,9 4,7,10,16,13 62315 34730
3,6,9 5,8,11,14 62316 34731
Table D.2: Drift chamber runs are shown with active CED/FPD pairs in octant 7 and Hall C/G0
DAQ run numbering.
Reconstruction of the of the tracks in the drift chamber was done using a modified version
of the Hall SOS (Short Orbit Spectrometer) tracking software designed for use with the HKS
experiment [150]. This software calculates a trajectory angle and position projected to the face
of the detector. Figure D.5 shows the reconstructed tracks in black along with simulated tracks
for both quasi-elastic and quasi-elastic plus inelastic deuteron-electron scattering. Figure D.5(a)
shows good agreement, between the data and simulations, of the acceptance of the drift chambers
with all CED/FPD pairs active. A line in theta/position space which optimally separated inelastic
events from the elastics was determined from this total distribution. The tracking distributions
were projected onto this line for additional analysis.
Figures D.5(b) and D.5(c) shows the angle vs position distributions and associated projection
for run 62313 with CEDs 2,5, and 8 and FPDs 3,6,9,12, and 15 active. One can see that the
CED/FPD coincidence pairs are unambiguously identifiable. However, the projected distribution
for data, shown in black, does not agree with the simulated electron results. This discrepancy
was determined to come from the inclusion of pion-like event in the drift-chamber data. In this





(a) Tracking results all CEDs/FPDs
(b) Tracking results specfic CEDs/FPDs (c) Projection
Figure D.5: Drifts chamber tracking results. a) The angle and position of each track is shown.
Black:data, Green:Simulated quasi-elastic electron, Red:Simulated quasi-elastic plus inelastic elec-
trons. The black line mark the quasi-elastic/inelastic threshold which the tracking results are
projected onto b) Tracking for Run 62313 CED 2,5,8 FPD 3,6,9,12,15 c) Projection; blue is simu-








Cell by Cell field scan tables
Tables for each target and energy combination showing all the values described Section 3.3.4
above for all cells which were fit, as well as sother. The following abbreviations have been made for
compactness: meas - measured; tot - total; back - background; ela - elastic; sim - simulation; oct -
octant; nom - nominal. All yields are in units of Hz/µA. The octant field scaling soctant is listed in
the caption as sbfil.
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CED FPD # m Ymeastot Y
sim






1 3 0.80255±0.02784 -0.07812 0.04699±0.00117 0.00704±0.00059 0.85015±0.01314 0.01070 0.00661 0.00034 0.00065 0.00375 0.81819
1 4 0.78115±0.02806 -0.16961 0.02397±0.00060 0.00528±0.00044 0.77963±0.01932 0.01586 0.00954 0.00027 0.00052 0.00551 0.77346
1 5 0.73454±0.00926 -0.17327 0.01324±0.00033 0.00489±0.00024 0.63055±0.02032 0.00889 0.01449 0.00287 0.00552 0.00924 0.65759
1 6 0.79202±0.00784 -0.04749 0.01200±0.00030 0.00956±0.00103 0.20310±0.08840 0.01012 0.02261 0.03804 0.07320 0.01992 0.49341
1 7 0.75763±0.00517 -0.00026 0.01854±0.00046 0.01663±0.00083 0.10335±0.05012 0.01075 0.02648 0.01593 0.03065 0.02242 0.21236
1 8 0.61748±0.00708 -0.00002 0.00746±0.00019 0.00754±0.00038 -0.01103±0.05647 0.02422 0.04260 0.00563 0.01084 0.02528 0.27095
1 9 1.06142±0.01927 -0.00007 0.00152±0.00004 0.00336±0.00032 -1.21634±0.21483 0.08981 0.18073 0.02236 0.04302 0.05541 0.00901
2 4 0.74199±0.03212 -0.04330 0.03002±0.00075 0.00438±0.00045 0.85405±0.01549 0.01280 0.00792 0.00003 0.00007 0.00365 0.81832
2 5 0.77919±0.03061 -0.14510 0.02083±0.00052 0.00459±0.00041 0.77983±0.02044 0.01689 0.00987 0.00100 0.00193 0.00550 0.83307
2 6 0.78484±0.01276 -0.14682 0.01097±0.00027 0.00437±0.00025 0.60160±0.02474 0.01176 0.01545 0.00537 0.01033 0.00996 0.63631
2 7 0.84472±0.00753 -0.02653 0.01192±0.00030 0.00958±0.00102 0.19583±0.08764 0.00893 0.02229 0.03774 0.07263 0.02010 0.43520
2 8 0.83878±0.00844 -0.00014 0.01523±0.00038 0.01356±0.00068 0.10951±0.04967 0.01650 0.03532 0.00980 0.01886 0.02226 0.12306
2 9 0.77043±0.00772 -0.00010 0.01281±0.00032 0.01181±0.00057 0.07842±0.05020 0.01982 0.03644 0.00756 0.01455 0.02304 0.03254
2 10 0.64652±0.00799 -0.00002 0.00297±0.00007 0.00254±0.00077 0.14592±0.26045 0.03887 0.08344 0.11191 0.21537 0.02135 0.01863
3 5 0.73540±0.02993 -0.05068 0.03071±0.00077 0.00443±0.00043 0.85563±0.01436 0.01168 0.00749 0.00034 0.00066 0.00361 0.78844
3 6 0.83672±0.03081 -0.17986 0.02434±0.00061 0.00581±0.00049 0.76140±0.02111 0.01762 0.00998 0.00025 0.00047 0.00597 0.72518
3 7 0.81686±0.01038 -0.16322 0.01346±0.00034 0.00568±0.00029 0.57839±0.02398 0.00977 0.01549 0.00523 0.01006 0.01054 0.65296
3 8 0.87217±0.00907 -0.01462 0.01417±0.00035 0.01226±0.00138 0.13480±0.09999 0.01043 0.02088 0.04371 0.08412 0.02163 0.64413
3 9 0.91326±0.00607 -0.00007 0.02298±0.00057 0.02085±0.00082 0.09252±0.04224 0.01102 0.02601 0.01001 0.01927 0.02269 0.07468
3 10 0.86595±0.00722 -0.00009 0.01643±0.00041 0.01474±0.00085 0.10303±0.05620 0.01751 0.03171 0.01690 0.03253 0.02242 0.00003
3 11 0.80489±0.00820 -0.00002 0.00319±0.00008 0.00195±0.00109 0.38924±0.34334 0.03701 0.08703 0.15202 0.29257 0.01527 0.00628
4 6 0.86250±0.03524 -0.05036 0.02453±0.00061 0.00393±0.00040 0.83983±0.01668 0.01319 0.00939 0.00006 0.00011 0.00400 0.75918
4 7 0.82445±0.02593 -0.22544 0.02841±0.00071 0.00667±0.00053 0.76535±0.01962 0.01541 0.01042 0.00096 0.00184 0.00587 0.72303
4 8 0.86198±0.01023 -0.15686 0.01351±0.00034 0.00639±0.00031 0.52660±0.02600 0.01015 0.01617 0.00603 0.01161 0.01183 0.59389
4 9 0.91539±0.00603 -0.01976 0.02154±0.00054 0.01861±0.00165 0.13584±0.07962 0.00754 0.02255 0.03359 0.06465 0.02160 0.25684
4 10 0.91631±0.00686 -0.00011 0.03002±0.00075 0.02668±0.00090 0.11119±0.03730 0.01296 0.02578 0.00372 0.00716 0.02222 0.03354
4 11 0.92955±0.00632 -0.00002 0.02101±0.00053 0.01792±0.00168 0.14711±0.08291 0.01578 0.03364 0.03273 0.06299 0.02132 0.13430
4 12 0.89074±0.00898 -0.00004 0.00236±0.00006 0.00116±0.00080 0.51123±0.33763 0.03586 0.10306 0.14721 0.28331 0.01222 0.00043
5 7 0.96236±0.05397 -0.03839 0.01358±0.00034 0.00241±0.00032 0.82259±0.02416 0.01962 0.01335 0.00048 0.00092 0.00444 0.64755
5 8 0.91104±0.04015 -0.17592 0.01987±0.00050 0.00568±0.00055 0.71409±0.02842 0.02433 0.01242 0.00147 0.00283 0.00715 0.71157
5 9 0.89678±0.01147 -0.15680 0.01392±0.00035 0.00679±0.00034 0.51199±0.02761 0.01126 0.01771 0.00607 0.01169 0.01220 0.59430
5 10 0.92020±0.00696 -0.00830 0.02246±0.00056 0.01977±0.00169 0.11951±0.07847 0.00906 0.02599 0.03233 0.06221 0.02201 0.35766
5 11 0.96099±0.00652 -0.00006 0.03052±0.00076 0.02687±0.00086 0.11952±0.03574 0.01212 0.02540 0.00040 0.00078 0.02201 0.14056
5 12 0.87015±0.00668 -0.00007 0.01409±0.00035 0.01065±0.00158 0.24460±0.11385 0.01795 0.04123 0.04744 0.09129 0.01889 0.01696
5 13 0.86333±0.00822 -0.00000 0.00162±0.00004 0.00057±0.00050 0.64929±0.30832 0.02812 0.10692 0.13265 0.25527 0.00877 0.00000
6 8 1.31413±0.11251 -0.01890 0.00636±0.00016 0.00111±0.00024 0.82529±0.03796 0.03066 0.02195 0.00018 0.00036 0.00437 0.83422
6 9 0.95993±0.02932 -0.17524 0.02016±0.00050 0.00588±0.00043 0.70857±0.02257 0.01641 0.01227 0.00278 0.00535 0.00729 0.70241
6 10 0.91287±0.01135 -0.17555 0.01744±0.00044 0.00928±0.00048 0.46778±0.03049 0.01145 0.01632 0.00869 0.01673 0.01331 0.49690
6 11 0.97609±0.00593 -0.00543 0.03505±0.00088 0.03098±0.00213 0.11631±0.06469 0.00783 0.02062 0.02613 0.05028 0.02209 0.20931
6 12 1.00631±0.00582 -0.00008 0.03197±0.00080 0.02952±0.00090 0.07668±0.03632 0.01069 0.02583 0.00104 0.00199 0.02308 0.06126
6 13 0.96762±0.00720 -0.00006 0.01521±0.00038 0.01212±0.00173 0.20371±0.11553 0.01869 0.04391 0.04764 0.09168 0.01991 0.00030
6 14 0.94536±0.00913 -0.00003 0.00249±0.00006 0.00098±0.00064 0.60588±0.25634 0.02678 0.10652 0.10670 0.20535 0.00985 0.12001
7 9 3.06561±0.99395 -0.00102 0.00372±0.00009 0.00036±0.00035 0.90205±0.09295 0.08430 0.03902 0.00103 0.00198 0.00245 0.80560
7 10 1.15152±0.04420 -0.10128 0.01242±0.00031 0.00387±0.00038 0.68816±0.03179 0.02427 0.01900 0.00007 0.00013 0.00780 0.61220
7 11 0.99763±0.00826 -0.16074 0.02051±0.00051 0.01261±0.00077 0.38526±0.04047 0.00789 0.01728 0.01488 0.02863 0.01537 0.55239
7 12 1.01371±0.00660 -0.00195 0.03352±0.00084 0.02972±0.00184 0.11357±0.05906 0.00877 0.02309 0.02253 0.04335 0.02216 0.14176
7 13 1.01217±0.00716 -0.00004 0.03114±0.00078 0.02812±0.00101 0.09708±0.03941 0.01301 0.02954 0.00064 0.00122 0.02257 0.00077
7 14 1.01115±0.00829 -0.00009 0.01924±0.00048 0.01582±0.00167 0.17751±0.08933 0.01937 0.03631 0.03531 0.06795 0.02056 0.06278
7 15 0.88026±0.00677 -0.00005 0.00349±0.00009 0.00145±0.00080 0.58515±0.23021 0.01971 0.07366 0.10004 0.19253 0.01037 0.00013
8 10 1.45459±0.30793 -0.00015 0.00609±0.00015 0.00009±0.00006 0.98475±0.01024 0.00738 0.00709 0.00014 0.00027 0.00038 0.98699
8 11 1.87433±0.17041 -0.03373 0.00818±0.00020 0.00219±0.00043 0.73273±0.05268 0.04588 0.02493 0.00098 0.00188 0.00668 0.45023
8 12 1.18428±0.01388 -0.08045 0.01653±0.00041 0.01058±0.00067 0.35995±0.04368 0.01099 0.02046 0.01538 0.02959 0.01600 0.47204
8 13 1.06090±0.00718 -0.00850 0.03430±0.00086 0.03065±0.00208 0.10643±0.06460 0.00868 0.02465 0.02522 0.04853 0.02234 0.22699
8 14 1.02908±0.00647 -0.00028 0.04434±0.00111 0.03968±0.00128 0.10504±0.03648 0.01076 0.02451 0.00492 0.00946 0.02237 0.04016
8 15 1.00519±0.00676 -0.00004 0.02888±0.00072 0.02548±0.00193 0.11747±0.07023 0.01546 0.03182 0.02606 0.05015 0.02206 0.02838
8 16 0.92717±0.01178 -0.00021 0.00311±0.00008 0.00124±0.00069 0.60249±0.22198 0.03094 0.10127 0.08984 0.17289 0.00994 0.04372
9 11 1.32158±0.30798 -0.00005 0.00478±0.00012 0.00017±0.00026 0.96403±0.05467 0.03610 0.04046 0.00317 0.00611 0.00090 0.98575
9 12 1.20053±0.21674 -0.00007 0.00725±0.00018 0.00023±0.00016 0.96868±0.02154 0.01364 0.01662 0.00052 0.00100 0.00078 0.99088
9 13 1.18579±0.18974 -0.00011 0.00886±0.00022 0.00024±0.00014 0.97340±0.01630 0.01200 0.01083 0.00091 0.00176 0.00066 0.98319
9 14 1.55488±0.15350 -0.00007 0.01874±0.00047 0.00655±0.00105 0.65070±0.05685 0.04946 0.02226 0.00674 0.01298 0.00873 0.91145
9 15 1.18165±0.03365 -0.00027 0.05521±0.00138 0.04139±0.00266 0.25032±0.05167 0.04156 0.02374 0.00245 0.00472 0.01874 0.62232
9 16 1.08226±0.01739 -0.00012 0.06786±0.00170 0.05455±0.00283 0.19618±0.04626 0.02944 0.02054 0.00975 0.01877 0.02010 0.29738
Table F.1: Pass 3 Target LH2, Energy 687, Octant 1, sbfil= 1.00800 ± 0.00500, r= 15.07922.
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1 3 0.76488±0.02645 -0.07782 0.04528±0.00113 0.00672±0.00054 0.85157±0.01244 0.01008 0.00624 0.00035 0.00065 0.00371 0.81819
1 4 0.75371±0.02670 -0.16894 0.02308±0.00058 0.00509±0.00041 0.77932±0.01840 0.01498 0.00914 0.00028 0.00052 0.00552 0.77346
1 5 0.78235±0.01010 -0.17258 0.01300±0.00033 0.00519±0.00024 0.60105±0.02124 0.00944 0.01501 0.00291 0.00537 0.00997 0.65759
1 6 0.80950±0.00811 -0.04730 0.01188±0.00030 0.00948±0.00100 0.20159±0.08634 0.01009 0.02230 0.03828 0.07065 0.01996 0.49341
1 7 0.70276±0.00481 -0.00026 0.01717±0.00043 0.01526±0.00078 0.11105±0.05037 0.01033 0.02535 0.01714 0.03163 0.02222 0.21236
1 8 0.54462±0.00616 -0.00002 0.00672±0.00017 0.00667±0.00032 0.00769±0.05359 0.02235 0.03983 0.00622 0.01149 0.02481 0.27095
1 9 1.03231±0.01937 -0.00007 0.00128±0.00003 0.00330±0.00030 -1.58728±0.24033 0.10267 0.19985 0.02650 0.04892 0.06468 0.00901
2 4 0.73770±0.03191 -0.04313 0.02983±0.00075 0.00436±0.00043 0.85394±0.01484 0.01223 0.00757 0.00003 0.00006 0.00365 0.81832
2 5 0.76145±0.02960 -0.14453 0.02032±0.00051 0.00447±0.00038 0.77999±0.01950 0.01600 0.00945 0.00102 0.00189 0.00550 0.83307
2 6 0.82418±0.01368 -0.14624 0.01057±0.00026 0.00455±0.00025 0.56948±0.02581 0.01249 0.01609 0.00555 0.01024 0.01076 0.63631
2 7 0.82588±0.00747 -0.02642 0.01129±0.00028 0.00907±0.00098 0.19657±0.08886 0.00893 0.02197 0.03966 0.07319 0.02009 0.43520
2 8 0.78306±0.00795 -0.00013 0.01413±0.00035 0.01256±0.00062 0.11060±0.04889 0.01599 0.03394 0.01052 0.01941 0.02223 0.12306
2 9 0.70118±0.00695 -0.00010 0.01200±0.00030 0.01080±0.00050 0.10034±0.04758 0.01818 0.03381 0.00804 0.01483 0.02249 0.03254
2 10 0.62579±0.00774 -0.00002 0.00273±0.00007 0.00262±0.00074 0.04030±0.27197 0.03913 0.08394 0.12128 0.22385 0.02399 0.01863
3 5 0.70951±0.02889 -0.05048 0.02975±0.00074 0.00427±0.00039 0.85645±0.01370 0.01112 0.00713 0.00035 0.00065 0.00359 0.78844
3 6 0.79065±0.02880 -0.17915 0.02299±0.00057 0.00548±0.00044 0.76146±0.02010 0.01665 0.00953 0.00026 0.00048 0.00596 0.72518
3 7 0.80665±0.01046 -0.16258 0.01249±0.00031 0.00556±0.00028 0.55488±0.02477 0.01014 0.01575 0.00561 0.01036 0.01113 0.65296
3 8 0.83872±0.00881 -0.01456 0.01305±0.00033 0.01138±0.00133 0.12783±0.10427 0.01051 0.02083 0.04728 0.08727 0.02180 0.64413
3 9 0.85476±0.00570 -0.00007 0.02137±0.00053 0.01936±0.00075 0.09404±0.04192 0.01061 0.02501 0.01072 0.01979 0.02265 0.07468
3 10 0.83108±0.00689 -0.00009 0.01599±0.00040 0.01433±0.00080 0.10381±0.05462 0.01641 0.02988 0.01730 0.03194 0.02240 0.00003
3 11 0.76148±0.00770 -0.00002 0.00269±0.00007 0.00213±0.00105 0.20529±0.39128 0.03942 0.09339 0.17979 0.33182 0.01987 0.00628
4 6 0.83367±0.03393 -0.05016 0.02353±0.00059 0.00380±0.00037 0.83863±0.01606 0.01265 0.00904 0.00006 0.00011 0.00403 0.75918
4 7 0.78199±0.02440 -0.22455 0.02694±0.00067 0.00634±0.00048 0.76463±0.01876 0.01461 0.00996 0.00101 0.00186 0.00588 0.72303
4 8 0.85471±0.01038 -0.15624 0.01268±0.00032 0.00628±0.00030 0.50435±0.02665 0.01048 0.01631 0.00640 0.01182 0.01239 0.59389
4 9 0.89081±0.00593 -0.01968 0.01989±0.00050 0.01760±0.00159 0.11513±0.08274 0.00768 0.02270 0.03623 0.06686 0.02212 0.25684
4 10 0.88400±0.00660 -0.00011 0.02881±0.00072 0.02566±0.00083 0.10919±0.03645 0.01241 0.02475 0.00386 0.00712 0.02227 0.03354
4 11 0.84955±0.00573 -0.00002 0.01966±0.00049 0.01684±0.00159 0.14325±0.08373 0.01461 0.03140 0.03485 0.06432 0.02142 0.13430
4 12 0.79301±0.00780 -0.00004 0.00196±0.00005 0.00125±0.00076 0.36438±0.38767 0.03586 0.10563 0.17671 0.32614 0.01589 0.00043
5 7 0.89752±0.05011 -0.03824 0.01272±0.00032 0.00224±0.00029 0.82367±0.02296 0.01858 0.01270 0.00051 0.00094 0.00441 0.64755
5 8 0.84368±0.03676 -0.17523 0.01862±0.00047 0.00524±0.00048 0.71853±0.02670 0.02270 0.01173 0.00156 0.00289 0.00704 0.71157
5 9 0.86011±0.01123 -0.15618 0.01293±0.00032 0.00646±0.00032 0.50079±0.02785 0.01133 0.01746 0.00651 0.01201 0.01248 0.59430
5 10 0.88528±0.00675 -0.00826 0.02086±0.00052 0.01851±0.00162 0.11229±0.08082 0.00904 0.02572 0.03467 0.06399 0.02219 0.35766
5 11 0.87714±0.00593 -0.00006 0.02794±0.00070 0.02453±0.00075 0.12188±0.03465 0.01152 0.02419 0.00044 0.00081 0.02195 0.14056
5 12 0.74875±0.00571 -0.00007 0.01231±0.00031 0.00956±0.00149 0.22394±0.12266 0.01676 0.03879 0.05407 0.09980 0.01940 0.01696
5 13 0.72285±0.00678 -0.00000 0.00122±0.00003 0.00060±0.00047 0.50975±0.38645 0.02939 0.11349 0.17533 0.32359 0.01226 0.00000
6 8 1.08293±0.09365 -0.01883 0.00522±0.00013 0.00092±0.00019 0.82439±0.03667 0.02970 0.02105 0.00022 0.00041 0.00439 0.83422
6 9 0.84718±0.02570 -0.17455 0.01811±0.00045 0.00515±0.00037 0.71566±0.02143 0.01530 0.01152 0.00309 0.00569 0.00711 0.70241
6 10 0.85418±0.01083 -0.17486 0.01585±0.00040 0.00858±0.00045 0.45869±0.03117 0.01148 0.01604 0.00952 0.01758 0.01353 0.49690
6 11 0.89593±0.00549 -0.00541 0.03151±0.00079 0.02778±0.00203 0.11823±0.06814 0.00770 0.02011 0.02895 0.05343 0.02204 0.20931
6 12 0.87732±0.00507 -0.00008 0.02807±0.00070 0.02571±0.00075 0.08399±0.03512 0.01012 0.02450 0.00117 0.00217 0.02290 0.06126
6 13 0.81613±0.00604 -0.00006 0.01281±0.00032 0.01069±0.00162 0.16612±0.12845 0.01778 0.04200 0.05634 0.10398 0.02085 0.00030
6 14 0.76013±0.00715 -0.00003 0.00192±0.00005 0.00095±0.00059 0.50614±0.30934 0.02598 0.10604 0.13776 0.25425 0.01235 0.12001
7 9 2.09105±0.67377 -0.00102 0.00258±0.00006 0.00025±0.00022 0.90121±0.08691 0.07870 0.03666 0.00148 0.00273 0.00247 0.80560
7 10 0.99292±0.03783 -0.10088 0.01073±0.00027 0.00334±0.00031 0.68889±0.03025 0.02295 0.01810 0.00008 0.00015 0.00778 0.61220
7 11 0.91660±0.00774 -0.16010 0.01784±0.00045 0.01136±0.00072 0.36299±0.04362 0.00811 0.01744 0.01704 0.03144 0.01593 0.55239
7 12 0.90921±0.00598 -0.00194 0.02972±0.00074 0.02611±0.00173 0.12155±0.06225 0.00855 0.02231 0.02531 0.04671 0.02196 0.14176
7 13 0.87051±0.00614 -0.00004 0.02701±0.00068 0.02420±0.00083 0.10421±0.03791 0.01228 0.02798 0.00073 0.00135 0.02239 0.00077
7 14 0.83998±0.00686 -0.00009 0.01597±0.00040 0.01359±0.00155 0.14858±0.09954 0.01846 0.03471 0.04237 0.07820 0.02129 0.06278
7 15 0.70964±0.00537 -0.00005 0.00271±0.00007 0.00136±0.00076 0.49681±0.28017 0.01923 0.07308 0.12838 0.23695 0.01258 0.00013
8 10 1.25004±0.26731 -0.00015 0.00518±0.00013 0.00008±0.00005 0.98444±0.00993 0.00719 0.00683 0.00017 0.00030 0.00039 0.98699
8 11 1.50321±0.13710 -0.03360 0.00649±0.00016 0.00174±0.00033 0.73155±0.05101 0.04440 0.02405 0.00123 0.00226 0.00671 0.45023
8 12 1.05773±0.01260 -0.08013 0.01417±0.00035 0.00924±0.00062 0.34801±0.04702 0.01112 0.02037 0.01787 0.03298 0.01630 0.47204
8 13 0.95366±0.00651 -0.00847 0.03043±0.00076 0.02690±0.00197 0.11607±0.06828 0.00848 0.02386 0.02831 0.05226 0.02210 0.22699
8 14 0.88597±0.00556 -0.00028 0.03814±0.00095 0.03401±0.00108 0.10832±0.03598 0.01027 0.02343 0.00569 0.01050 0.02229 0.04016
8 15 0.88294±0.00590 -0.00004 0.02595±0.00065 0.02291±0.00179 0.11727±0.07246 0.01434 0.02970 0.02888 0.05330 0.02207 0.02838
8 16 0.83741±0.01045 -0.00021 0.00271±0.00007 0.00130±0.00065 0.51962±0.23999 0.03011 0.10029 0.10271 0.18957 0.01201 0.04372
9 11 0.87812±0.20749 -0.00005 0.00315±0.00008 0.00012±0.00017 0.96039±0.05351 0.03525 0.03897 0.00480 0.00885 0.00099 0.98575
9 12 0.93005±0.16925 -0.00007 0.00558±0.00014 0.00018±0.00012 0.96794±0.02082 0.01323 0.01600 0.00067 0.00124 0.00080 0.99088
9 13 0.96438±0.15537 -0.00011 0.00714±0.00018 0.00020±0.00011 0.97229±0.01584 0.01165 0.01044 0.00113 0.00208 0.00069 0.98319
9 14 1.13736±0.11284 -0.00007 0.01359±0.00034 0.00467±0.00076 0.65610±0.05661 0.04788 0.02144 0.00926 0.01709 0.00860 0.91145
9 15 0.99315±0.02837 -0.00027 0.04638±0.00116 0.03468±0.00215 0.25230±0.04988 0.03984 0.02269 0.00291 0.00536 0.01869 0.62232
9 16 0.89629±0.01424 -0.00012 0.05790±0.00145 0.04564±0.00236 0.21174±0.04529 0.02700 0.01905 0.01138 0.02101 0.01971 0.29738
Table F.2: Pass 3 Target LH2, Energy 687, Octant 2, sbfil= 1.01200 ± 0.00500, r= 15.11645.
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1 3 0.75394±0.02592 -0.07705 0.04494±0.00112 0.00665±0.00047 0.85206±0.01105 0.00882 0.00549 0.00035 0.00058 0.00370 0.81819
1 4 0.71804±0.02444 -0.16728 0.02339±0.00058 0.00484±0.00033 0.79296±0.01512 0.01198 0.00761 0.00027 0.00045 0.00518 0.77346
1 5 0.72489±0.00995 -0.17090 0.01238±0.00031 0.00475±0.00021 0.61589±0.01921 0.00866 0.01295 0.00303 0.00500 0.00960 0.65759
1 6 0.76269±0.00785 -0.04684 0.01038±0.00026 0.00826±0.00090 0.20436±0.08925 0.00991 0.02131 0.04339 0.07166 0.01989 0.49341
1 7 0.75303±0.00520 -0.00026 0.01799±0.00045 0.01592±0.00072 0.11506±0.04565 0.00944 0.02297 0.01619 0.02674 0.02212 0.21236
1 8 0.64348±0.00705 -0.00002 0.00815±0.00020 0.00793±0.00033 0.02613±0.04714 0.01869 0.03440 0.00509 0.00840 0.02435 0.27095
1 9 0.99586±0.01624 -0.00007 0.00189±0.00005 0.00325±0.00025 -0.71972±0.13771 0.05147 0.11531 0.01772 0.02926 0.04299 0.00901
2 4 0.69858±0.03016 -0.04271 0.02836±0.00071 0.00413±0.00036 0.85448±0.01318 0.01077 0.00668 0.00004 0.00006 0.00364 0.81832
2 5 0.73811±0.02771 -0.14312 0.02084±0.00052 0.00430±0.00032 0.79355±0.01613 0.01294 0.00791 0.00099 0.00163 0.00516 0.83307
2 6 0.76570±0.01336 -0.14481 0.01047±0.00026 0.00414±0.00021 0.60459±0.02259 0.01091 0.01337 0.00555 0.00916 0.00989 0.63631
2 7 0.84917±0.00798 -0.02616 0.01066±0.00027 0.00859±0.00089 0.19485±0.08592 0.00895 0.02119 0.04159 0.06869 0.02013 0.43520
2 8 0.82021±0.00850 -0.00013 0.01453±0.00036 0.01292±0.00057 0.11044±0.04508 0.01473 0.03064 0.01013 0.01673 0.02224 0.12306
2 9 0.76046±0.00723 -0.00010 0.01320±0.00033 0.01185±0.00048 0.10196±0.04248 0.01526 0.02954 0.00724 0.01195 0.02245 0.03254
2 10 0.69068±0.00775 -0.00002 0.00377±0.00009 0.00334±0.00068 0.11465±0.18115 0.02511 0.05942 0.08693 0.14356 0.02213 0.01863
3 5 0.66812±0.02725 -0.04998 0.02802±0.00070 0.00401±0.00033 0.85696±0.01227 0.00986 0.00631 0.00037 0.00061 0.00358 0.78844
3 6 0.79944±0.02826 -0.17739 0.02452±0.00061 0.00554±0.00039 0.77426±0.01675 0.01358 0.00801 0.00024 0.00040 0.00564 0.72518
3 7 0.80395±0.01096 -0.16099 0.01292±0.00032 0.00543±0.00025 0.57972±0.02194 0.00910 0.01344 0.00537 0.00887 0.01051 0.65296
3 8 0.86482±0.00930 -0.01442 0.01242±0.00031 0.01069±0.00121 0.13957±0.09991 0.01032 0.01998 0.04917 0.08121 0.02151 0.64413
3 9 0.89219±0.00597 -0.00007 0.02201±0.00055 0.01981±0.00069 0.10003±0.03870 0.00956 0.02246 0.01031 0.01702 0.02250 0.07468
3 10 0.86470±0.00705 -0.00009 0.01707±0.00043 0.01537±0.00073 0.09950±0.04822 0.01393 0.02579 0.01604 0.02650 0.02251 0.00003
3 11 0.81022±0.00759 -0.00002 0.00387±0.00010 0.00304±0.00096 0.21470±0.24837 0.02389 0.06115 0.12365 0.20421 0.01963 0.00628
4 6 0.73011±0.02945 -0.04967 0.02088±0.00052 0.00332±0.00028 0.84086±0.01409 0.01096 0.00790 0.00007 0.00011 0.00398 0.75918
4 7 0.79758±0.02434 -0.22236 0.02892±0.00072 0.00651±0.00043 0.77492±0.01581 0.01203 0.00838 0.00093 0.00153 0.00563 0.72303
4 8 0.87756±0.01130 -0.15471 0.01315±0.00033 0.00631±0.00028 0.51978±0.02416 0.00976 0.01431 0.00611 0.01010 0.01201 0.59389
4 9 0.92119±0.00632 -0.01949 0.01940±0.00049 0.01690±0.00145 0.12879±0.07763 0.00743 0.02132 0.03678 0.06074 0.02178 0.25684
4 10 0.91274±0.00676 -0.00011 0.02958±0.00074 0.02630±0.00076 0.11107±0.03394 0.01097 0.02205 0.00372 0.00615 0.02222 0.03354
4 11 0.90285±0.00593 -0.00002 0.02199±0.00055 0.01911±0.00146 0.13087±0.06973 0.01197 0.02644 0.03086 0.05096 0.02173 0.13430
4 12 0.83683±0.00763 -0.00004 0.00282±0.00007 0.00188±0.00069 0.33176±0.24648 0.02163 0.06874 0.12178 0.20112 0.01671 0.00043
5 7 0.79456±0.04376 -0.03786 0.01144±0.00029 0.00197±0.00022 0.82741±0.01994 0.01598 0.01107 0.00056 0.00092 0.00431 0.64755
5 8 0.85930±0.03645 -0.17351 0.01971±0.00049 0.00529±0.00042 0.73161±0.02254 0.01884 0.01000 0.00146 0.00242 0.00671 0.71157
5 9 0.91939±0.01264 -0.15465 0.01350±0.00034 0.00675±0.00030 0.49996±0.02582 0.01083 0.01584 0.00617 0.01020 0.01250 0.59430
5 10 0.92085±0.00717 -0.00818 0.02057±0.00051 0.01796±0.00148 0.12692±0.07515 0.00863 0.02404 0.03482 0.05750 0.02183 0.35766
5 11 0.94354±0.00634 -0.00006 0.03019±0.00075 0.02641±0.00071 0.12503±0.03219 0.01009 0.02133 0.00040 0.00066 0.02187 0.14056
5 12 0.82806±0.00614 -0.00007 0.01474±0.00037 0.01165±0.00137 0.21003±0.09502 0.01334 0.03174 0.04472 0.07385 0.01975 0.01696
5 13 0.81091±0.00728 -0.00000 0.00173±0.00004 0.00101±0.00043 0.41872±0.24941 0.01963 0.07917 0.12185 0.20123 0.01453 0.00000
6 8 1.06969±0.09478 -0.01864 0.00497±0.00012 0.00091±0.00017 0.81733±0.03432 0.02797 0.01935 0.00023 0.00039 0.00457 0.83422
6 9 0.84799±0.02530 -0.17284 0.01855±0.00046 0.00506±0.00032 0.72719±0.01868 0.01302 0.00997 0.00298 0.00493 0.00682 0.70241
6 10 0.90754±0.01208 -0.17315 0.01657±0.00041 0.00885±0.00042 0.46584±0.02843 0.01086 0.01445 0.00902 0.01490 0.01335 0.49690
6 11 0.97445±0.00610 -0.00536 0.03275±0.00082 0.02848±0.00186 0.13043±0.06090 0.00729 0.01865 0.02758 0.04555 0.02174 0.20931
6 12 0.97283±0.00558 -0.00008 0.03137±0.00078 0.02845±0.00073 0.09307±0.03256 0.00883 0.02154 0.00104 0.00172 0.02267 0.06126
6 13 0.91632±0.00660 -0.00006 0.01587±0.00040 0.01329±0.00150 0.16230±0.09662 0.01391 0.03375 0.04505 0.07440 0.02094 0.00030
6 14 0.85058±0.00751 -0.00003 0.00260±0.00006 0.00150±0.00055 0.42069±0.21135 0.01790 0.07790 0.10106 0.16690 0.01448 0.12001
7 9 2.69650±0.87247 -0.00101 0.00326±0.00008 0.00035±0.00026 0.89324±0.07868 0.07130 0.03307 0.00116 0.00191 0.00267 0.80560
7 10 0.91358±0.03419 -0.09989 0.01017±0.00025 0.00307±0.00025 0.69783±0.02599 0.01939 0.01557 0.00008 0.00014 0.00755 0.61220
7 11 0.99411±0.00881 -0.15854 0.01872±0.00047 0.01173±0.00067 0.37333±0.03904 0.00780 0.01597 0.01607 0.02654 0.01567 0.55239
7 12 1.01302±0.00681 -0.00192 0.03138±0.00078 0.02760±0.00160 0.12041±0.05555 0.00817 0.02086 0.02374 0.03920 0.02199 0.14176
7 13 0.98744±0.00686 -0.00004 0.03062±0.00077 0.02748±0.00083 0.10244±0.03515 0.01073 0.02480 0.00064 0.00105 0.02244 0.00077
7 14 0.96327±0.00770 -0.00009 0.01985±0.00050 0.01687±0.00144 0.15031±0.07563 0.01477 0.02837 0.03375 0.05574 0.02124 0.06278
7 15 0.78696±0.00568 -0.00005 0.00366±0.00009 0.00205±0.00069 0.44006±0.19046 0.01336 0.05321 0.09419 0.15555 0.01400 0.00013
8 10 1.52542±0.33478 -0.00014 0.00615±0.00015 0.00010±0.00006 0.98358±0.00918 0.00672 0.00623 0.00014 0.00023 0.00041 0.98699
8 11 1.61171±0.14794 -0.03327 0.00701±0.00018 0.00184±0.00031 0.73716±0.04516 0.03929 0.02114 0.00112 0.00185 0.00657 0.45023
8 12 1.13755±0.01411 -0.07935 0.01461±0.00037 0.00937±0.00058 0.35881±0.04269 0.01069 0.01881 0.01715 0.02833 0.01603 0.47204
8 13 1.05167±0.00736 -0.00838 0.03179±0.00079 0.02789±0.00181 0.12267±0.06107 0.00813 0.02232 0.02684 0.04432 0.02193 0.22699
8 14 1.01080±0.00631 -0.00028 0.04337±0.00108 0.03838±0.00107 0.11509±0.03313 0.00907 0.02084 0.00496 0.00819 0.02212 0.04016
8 15 1.00700±0.00655 -0.00003 0.03125±0.00078 0.02761±0.00167 0.11656±0.05787 0.01172 0.02493 0.02375 0.03923 0.02209 0.02838
8 16 0.95662±0.01127 -0.00021 0.00356±0.00009 0.00201±0.00060 0.43591±0.17027 0.02189 0.07727 0.07742 0.12786 0.01410 0.04372
9 11 1.36422±0.33020 -0.00004 0.00472±0.00012 0.00023±0.00023 0.95040±0.04919 0.03316 0.03579 0.00317 0.00523 0.00124 0.98575
9 12 1.25797±0.23335 -0.00007 0.00737±0.00018 0.00025±0.00014 0.96596±0.01900 0.01222 0.01450 0.00050 0.00083 0.00085 0.99088
9 13 1.25807±0.20528 -0.00010 0.00921±0.00023 0.00028±0.00013 0.96983±0.01423 0.01057 0.00935 0.00087 0.00143 0.00075 0.98319
9 14 1.39812±0.14032 -0.00007 0.01648±0.00041 0.00540±0.00082 0.67221±0.05045 0.04352 0.01926 0.00756 0.01249 0.00819 0.91145
9 15 1.12327±0.03230 -0.00027 0.05170±0.00129 0.03893±0.00216 0.24709±0.04577 0.03605 0.02040 0.00258 0.00426 0.01882 0.62232
9 16 1.02411±0.01592 -0.00012 0.06618±0.00165 0.05347±0.00229 0.19200±0.04003 0.02339 0.01687 0.00986 0.01629 0.02020 0.29738
Table F.3: Pass 3 Target LH2, Energy 687, Octant 3, sbfil= 1.02200 ± 0.00500, r= 15.20827.
184
CED FPD # m Ymeastot Y
sim






1 3 0.70244±0.02393 -0.07631 0.04269±0.00107 0.00622±0.00038 0.85441±0.00962 0.00752 0.00473 0.00037 0.00053 0.00364 0.81819
1 4 0.70134±0.02304 -0.16566 0.02370±0.00059 0.00472±0.00028 0.80077±0.01273 0.00978 0.00643 0.00027 0.00039 0.00498 0.77346
1 5 0.71336±0.01043 -0.16924 0.01238±0.00031 0.00463±0.00018 0.62623±0.01743 0.00796 0.01118 0.00300 0.00438 0.00934 0.65759
1 6 0.76201±0.00806 -0.04639 0.01005±0.00025 0.00758±0.00082 0.24517±0.08365 0.00922 0.01929 0.04438 0.06491 0.01887 0.49341
1 7 0.74380±0.00517 -0.00026 0.01740±0.00044 0.01530±0.00064 0.12065±0.04291 0.00852 0.02057 0.01658 0.02425 0.02198 0.21236
1 8 0.62194±0.00659 -0.00002 0.00817±0.00020 0.00772±0.00028 0.05557±0.04142 0.01529 0.02908 0.00502 0.00734 0.02361 0.27095
1 9 0.80075±0.01216 -0.00007 0.00182±0.00005 0.00266±0.00018 -0.46618±0.10379 0.03515 0.08455 0.01824 0.02668 0.03665 0.00901
2 4 0.67439±0.02904 -0.04230 0.02752±0.00069 0.00399±0.00030 0.85515±0.01162 0.00937 0.00583 0.00004 0.00005 0.00362 0.81832
2 5 0.71330±0.02597 -0.14173 0.02076±0.00052 0.00413±0.00026 0.80109±0.01368 0.01068 0.00673 0.00098 0.00144 0.00497 0.83307
2 6 0.80370±0.01474 -0.14341 0.01132±0.00028 0.00426±0.00020 0.62401±0.01987 0.00978 0.01139 0.00508 0.00743 0.00940 0.63631
2 7 0.86317±0.00842 -0.02591 0.01039±0.00026 0.00799±0.00081 0.23128±0.08019 0.00850 0.01940 0.04228 0.06185 0.01922 0.43520
2 8 0.82189±0.00869 -0.00013 0.01432±0.00036 0.01271±0.00051 0.11203±0.04176 0.01341 0.02732 0.01018 0.01489 0.02220 0.12306
2 9 0.73155±0.00672 -0.00009 0.01311±0.00033 0.01154±0.00040 0.11951±0.03788 0.01251 0.02511 0.00722 0.01056 0.02201 0.03254
2 10 0.66201±0.00711 -0.00002 0.00374±0.00009 0.00362±0.00061 0.03108±0.16504 0.02041 0.05041 0.08687 0.12707 0.02422 0.01863
3 5 0.62778±0.02561 -0.04950 0.02650±0.00066 0.00375±0.00027 0.85835±0.01083 0.00860 0.00550 0.00039 0.00057 0.00354 0.78844
3 6 0.78664±0.02706 -0.17567 0.02484±0.00062 0.00544±0.00033 0.78106±0.01427 0.01126 0.00682 0.00024 0.00035 0.00547 0.72518
3 7 0.82596±0.01187 -0.15943 0.01302±0.00033 0.00547±0.00023 0.58003±0.02039 0.00857 0.01202 0.00528 0.00772 0.01050 0.65296
3 8 0.86769±0.00954 -0.01428 0.01204±0.00030 0.00970±0.00110 0.19487±0.09352 0.00959 0.01814 0.05023 0.07347 0.02013 0.64413
3 9 0.87653±0.00588 -0.00007 0.02145±0.00054 0.01907±0.00061 0.11074±0.03612 0.00848 0.01985 0.01047 0.01532 0.02223 0.07468
3 10 0.81367±0.00654 -0.00009 0.01634±0.00041 0.01490±0.00063 0.08846±0.04493 0.01183 0.02223 0.01660 0.02428 0.02279 0.00003
3 11 0.72382±0.00649 -0.00002 0.00341±0.00009 0.00338±0.00086 0.00766±0.25403 0.02033 0.05434 0.13887 0.20314 0.02481 0.00628
4 6 0.61701±0.02467 -0.04919 0.01772±0.00044 0.00281±0.00021 0.84161±0.01239 0.00949 0.00690 0.00008 0.00012 0.00396 0.75918
4 7 0.75940±0.02270 -0.22020 0.02826±0.00071 0.00624±0.00035 0.77935±0.01363 0.01007 0.00716 0.00094 0.00138 0.00552 0.72303
4 8 0.86321±0.01181 -0.15321 0.01315±0.00033 0.00608±0.00025 0.53807±0.02192 0.00894 0.01234 0.00605 0.00885 0.01155 0.59389
4 9 0.89748±0.00634 -0.01930 0.01787±0.00045 0.01523±0.00131 0.14805±0.07618 0.00710 0.01978 0.03954 0.05783 0.02130 0.25684
4 10 0.87387±0.00642 -0.00011 0.02815±0.00070 0.02499±0.00064 0.11206±0.03180 0.00960 0.01947 0.00387 0.00567 0.02220 0.03354
4 11 0.82894±0.00529 -0.00002 0.02117±0.00053 0.01864±0.00130 0.11975±0.06504 0.00974 0.02211 0.03173 0.04642 0.02201 0.13430
4 12 0.76303±0.00653 -0.00004 0.00284±0.00007 0.00222±0.00062 0.21787±0.22009 0.01609 0.05447 0.11950 0.17479 0.01955 0.00043
5 7 0.61801±0.03361 -0.03750 0.00900±0.00022 0.00153±0.00015 0.83016±0.01729 0.01369 0.00960 0.00070 0.00103 0.00425 0.64755
5 8 0.79731±0.03293 -0.17183 0.01908±0.00048 0.00486±0.00034 0.74503±0.01888 0.01543 0.00841 0.00150 0.00219 0.00637 0.71157
5 9 0.87568±0.01269 -0.15315 0.01325±0.00033 0.00629±0.00026 0.52543±0.02321 0.00971 0.01348 0.00623 0.00911 0.01186 0.59430
5 10 0.88628±0.00705 -0.00810 0.01863±0.00047 0.01605±0.00133 0.13865±0.07469 0.00821 0.02239 0.03805 0.05566 0.02153 0.35766
5 11 0.86892±0.00578 -0.00006 0.02766±0.00069 0.02434±0.00057 0.11981±0.03027 0.00881 0.01881 0.00044 0.00064 0.02200 0.14056
5 12 0.75897±0.00539 -0.00007 0.01465±0.00037 0.01164±0.00123 0.20521±0.08600 0.01033 0.02568 0.04456 0.06518 0.01987 0.01696
5 13 0.73546±0.00629 -0.00000 0.00176±0.00004 0.00122±0.00039 0.31112±0.22024 0.01462 0.06190 0.11860 0.17349 0.01722 0.00000
6 8 0.81426±0.07381 -0.01846 0.00375±0.00009 0.00069±0.00011 0.81492±0.03097 0.02537 0.01715 0.00031 0.00045 0.00463 0.83422
6 9 0.73088±0.02145 -0.17116 0.01658±0.00041 0.00428±0.00025 0.74169±0.01626 0.01083 0.00844 0.00330 0.00483 0.00646 0.70241
6 10 0.85377±0.01194 -0.17147 0.01572±0.00039 0.00808±0.00036 0.48610±0.02646 0.00992 0.01257 0.00942 0.01378 0.01285 0.49690
6 11 0.89811±0.00575 -0.00531 0.02860±0.00072 0.02468±0.00167 0.13732±0.06230 0.00690 0.01726 0.03127 0.04574 0.02157 0.20931
6 12 0.88880±0.00504 -0.00008 0.02877±0.00072 0.02593±0.00059 0.09864±0.03040 0.00764 0.01882 0.00112 0.00164 0.02253 0.06126
6 13 0.82165±0.00571 -0.00006 0.01554±0.00039 0.01306±0.00133 0.15981±0.08836 0.01079 0.02710 0.04555 0.06663 0.02100 0.00030
6 14 0.72698±0.00601 -0.00002 0.00252±0.00006 0.00166±0.00049 0.34226±0.19376 0.01297 0.06025 0.10326 0.15104 0.01644 0.12001
7 9 1.98321±0.63447 -0.00100 0.00243±0.00006 0.00027±0.00016 0.88873±0.06748 0.06099 0.02861 0.00154 0.00225 0.00278 0.80560
7 10 0.80280±0.02953 -0.09892 0.00923±0.00023 0.00270±0.00019 0.70707±0.02216 0.01620 0.01324 0.00009 0.00013 0.00732 0.61220
7 11 0.91127±0.00849 -0.15700 0.01689±0.00042 0.01022±0.00059 0.39463±0.03824 0.00731 0.01423 0.01764 0.02581 0.01513 0.55239
7 12 0.92854±0.00638 -0.00191 0.02763±0.00069 0.02396±0.00142 0.13287±0.05594 0.00762 0.01905 0.02670 0.03905 0.02168 0.14176
7 13 0.87420±0.00599 -0.00004 0.02722±0.00068 0.02437±0.00064 0.10502±0.03251 0.00924 0.02166 0.00071 0.00104 0.02237 0.00077
7 14 0.82578±0.00644 -0.00009 0.01798±0.00045 0.01553±0.00127 0.13624±0.07375 0.01196 0.02355 0.03690 0.05397 0.02159 0.06278
7 15 0.69176±0.00472 -0.00005 0.00362±0.00009 0.00226±0.00062 0.37556±0.17292 0.00983 0.04142 0.09418 0.13776 0.01561 0.00013
8 10 1.32988±0.29920 -0.00014 0.00523±0.00013 0.00009±0.00004 0.98276±0.00837 0.00619 0.00560 0.00016 0.00023 0.00043 0.98699
8 11 1.22370±0.11309 -0.03295 0.00544±0.00014 0.00138±0.00021 0.74589±0.03916 0.03400 0.01817 0.00144 0.00210 0.00635 0.45023
8 12 0.94385±0.01219 -0.07858 0.01179±0.00029 0.00732±0.00050 0.37970±0.04494 0.01004 0.01697 0.02105 0.03079 0.01551 0.47204
8 13 0.91893±0.00659 -0.00830 0.02628±0.00066 0.02285±0.00161 0.13070±0.06483 0.00772 0.02069 0.03214 0.04702 0.02173 0.22699
8 14 0.86785±0.00537 -0.00027 0.03699±0.00092 0.03259±0.00083 0.11900±0.03148 0.00795 0.01840 0.00576 0.00842 0.02203 0.04016
8 15 0.88194±0.00558 -0.00003 0.02895±0.00072 0.02545±0.00146 0.12105±0.05498 0.00944 0.02067 0.02539 0.03714 0.02197 0.02838
8 16 0.88837±0.00986 -0.00021 0.00374±0.00009 0.00234±0.00054 0.37440±0.14429 0.01600 0.05992 0.07299 0.10677 0.01564 0.04372
9 11 0.89830±0.22443 -0.00004 0.00304±0.00008 0.00018±0.00014 0.94060±0.04536 0.03076 0.03216 0.00488 0.00714 0.00148 0.98575
9 12 0.89051±0.16884 -0.00006 0.00511±0.00013 0.00018±0.00009 0.96399±0.01721 0.01119 0.01298 0.00072 0.00105 0.00090 0.99088
9 13 0.95285±0.15808 -0.00010 0.00687±0.00017 0.00023±0.00009 0.96724±0.01287 0.00957 0.00832 0.00115 0.00168 0.00082 0.98319
9 14 0.95169±0.09665 -0.00007 0.01099±0.00027 0.00345±0.00052 0.68639±0.04805 0.03942 0.01724 0.01123 0.01643 0.00784 0.91145
9 15 0.91453±0.02647 -0.00026 0.04184±0.00105 0.03146±0.00155 0.24819±0.04165 0.03203 0.01800 0.00316 0.00462 0.01880 0.62232
9 16 0.84398±0.01281 -0.00012 0.05648±0.00141 0.04514±0.00178 0.20090±0.03727 0.01935 0.01429 0.01144 0.01674 0.01998 0.29738
Table F.4: Pass 3 Target LH2, Energy 687, Octant 4, sbfil= 1.03200 ± 0.00500, r= 15.29830.
185
CED FPD # m Ymeastot Y
sim






1 3 0.60723±0.02093 -0.07493 0.03711±0.00093 0.00541±0.00025 0.85430±0.00769 0.00573 0.00356 0.00041 0.00047 0.00364 0.81819
1 4 0.65798±0.02304 -0.16267 0.02500±0.00062 0.00441±0.00021 0.82342±0.00937 0.00703 0.00434 0.00025 0.00028 0.00441 0.77346
1 5 0.70223±0.01423 -0.16618 0.01379±0.00034 0.00446±0.00016 0.67666±0.01385 0.00739 0.00748 0.00264 0.00298 0.00808 0.65759
1 6 0.71435±0.00694 -0.04555 0.00910±0.00023 0.00596±0.00068 0.34536±0.07619 0.00664 0.01513 0.04811 0.05431 0.01637 0.49341
1 7 0.73066±0.00511 -0.00025 0.01597±0.00040 0.01427±0.00052 0.10625±0.03927 0.00695 0.01669 0.01774 0.02003 0.02234 0.21236
1 8 0.80706±0.00846 -0.00002 0.01096±0.00027 0.01013±0.00027 0.07539±0.03380 0.01108 0.02132 0.00368 0.00415 0.02312 0.27095
1 9 1.23333±0.01829 -0.00007 0.00444±0.00011 0.00425±0.00020 0.04213±0.05097 0.01641 0.04041 0.00733 0.00828 0.02395 0.00901
2 4 0.48238±0.02201 -0.04153 0.01966±0.00049 0.00285±0.00017 0.85491±0.00946 0.00753 0.00442 0.00005 0.00006 0.00363 0.81832
2 5 0.66093±0.02549 -0.13917 0.02176±0.00054 0.00378±0.00019 0.82637±0.00993 0.00758 0.00451 0.00092 0.00104 0.00434 0.83307
2 6 0.70809±0.01983 -0.14082 0.01134±0.00028 0.00360±0.00017 0.68227±0.01662 0.00995 0.00759 0.00498 0.00562 0.00794 0.63631
2 7 0.76986±0.00827 -0.02544 0.00858±0.00021 0.00590±0.00067 0.31272±0.07967 0.00766 0.01587 0.05024 0.05672 0.01718 0.43520
2 8 0.78928±0.00861 -0.00013 0.01304±0.00033 0.01179±0.00039 0.09542±0.03721 0.01106 0.02183 0.01097 0.01239 0.02261 0.12306
2 9 0.79088±0.00706 -0.00009 0.01403±0.00035 0.01275±0.00033 0.09131±0.03274 0.00932 0.01922 0.00662 0.00748 0.02272 0.03254
2 10 0.98730±0.01022 -0.00002 0.00644±0.00016 0.00656±0.00053 -0.01874±0.08652 0.01290 0.03307 0.04951 0.05590 0.02547 0.01863
3 5 0.41111±0.01714 -0.04860 0.01714±0.00043 0.00244±0.00014 0.85745±0.00876 0.00674 0.00422 0.00059 0.00067 0.00356 0.78844
3 6 0.73380±0.02431 -0.17250 0.02502±0.00063 0.00506±0.00023 0.79790±0.01032 0.00761 0.00479 0.00023 0.00026 0.00505 0.72518
3 7 0.73867±0.01226 -0.15655 0.01342±0.00034 0.00471±0.00017 0.64929±0.01547 0.00651 0.00790 0.00503 0.00568 0.00877 0.65296
3 8 0.78154±0.01064 -0.01402 0.00966±0.00024 0.00703±0.00091 0.27290±0.09627 0.01010 0.01544 0.06148 0.06941 0.01818 0.64413
3 9 0.84761±0.00570 -0.00007 0.01998±0.00050 0.01776±0.00048 0.11129±0.03255 0.00669 0.01562 0.01104 0.01246 0.02222 0.07468
3 10 0.28220±0.00214 -0.00009 0.00585±0.00015 0.00544±0.00042 0.06963±0.07475 0.00820 0.01632 0.04552 0.05139 0.02326 0.00003
3 11 0.88240±0.00877 -0.00002 0.00603±0.00015 0.00563±0.00073 0.06509±0.12257 0.01178 0.02840 0.07713 0.08708 0.02337 0.00628
4 6 0.41875±0.01832 -0.04830 0.01236±0.00031 0.00190±0.00011 0.84601±0.00997 0.00766 0.00509 0.00011 0.00013 0.00385 0.75918
4 7 0.67111±0.02167 -0.21622 0.02739±0.00068 0.00558±0.00025 0.79640±0.01044 0.00752 0.00495 0.00095 0.00108 0.00509 0.72303
4 8 0.79358±0.01812 -0.15044 0.01338±0.00033 0.00536±0.00021 0.59960±0.01881 0.01022 0.00845 0.00584 0.00660 0.01001 0.59389
4 9 0.86046±0.00607 -0.01895 0.01548±0.00039 0.01240±0.00108 0.19876±0.07269 0.00594 0.01660 0.04483 0.05062 0.02003 0.25684
4 10 0.86925±0.00731 -0.00011 0.02705±0.00068 0.02452±0.00050 0.09360±0.02927 0.00862 0.01527 0.00396 0.00447 0.02266 0.03354
4 11 0.85953±0.00526 -0.00002 0.02326±0.00058 0.02141±0.00107 0.07950±0.05152 0.00668 0.01581 0.02836 0.03202 0.02301 0.13430
4 12 0.79258±0.00690 -0.00004 0.00434±0.00011 0.00328±0.00052 0.24309±0.12113 0.00844 0.02810 0.07690 0.08682 0.01892 0.00043
5 7 0.36119±0.02016 -0.03682 0.00530±0.00013 0.00089±0.00007 0.83293±0.01358 0.01057 0.00722 0.00117 0.00132 0.00418 0.64755
5 8 0.67568±0.02705 -0.16873 0.01717±0.00043 0.00405±0.00021 0.76392±0.01382 0.01068 0.00600 0.00163 0.00184 0.00590 0.71157
5 9 0.82229±0.01946 -0.15038 0.01392±0.00035 0.00566±0.00023 0.59340±0.01948 0.01075 0.00913 0.00582 0.00657 0.01017 0.59430
5 10 0.85805±0.00720 -0.00796 0.01593±0.00040 0.01334±0.00110 0.16261±0.07217 0.00744 0.01922 0.04371 0.04934 0.02093 0.35766
5 11 0.89482±0.00607 -0.00006 0.02820±0.00070 0.02511±0.00045 0.10957±0.02740 0.00688 0.01440 0.00042 0.00047 0.02226 0.14056
5 12 0.86097±0.00637 -0.00007 0.01718±0.00043 0.01524±0.00103 0.11263±0.06386 0.00790 0.01883 0.03732 0.04214 0.02218 0.01696
5 13 0.82491±0.00723 -0.00000 0.00300±0.00008 0.00199±0.00032 0.33765±0.10934 0.00749 0.03094 0.06848 0.07731 0.01656 0.00000
6 8 0.58742±0.05991 -0.01813 0.00262±0.00007 0.00050±0.00007 0.80831±0.02645 0.02229 0.01340 0.00043 0.00049 0.00479 0.83422
6 9 0.57285±0.01841 -0.16807 0.01401±0.00035 0.00324±0.00016 0.76847±0.01311 0.00834 0.00593 0.00384 0.00433 0.00579 0.70241
6 10 0.85790±0.00993 -0.16837 0.01627±0.00041 0.00766±0.00028 0.52939±0.02102 0.00604 0.00925 0.00893 0.01009 0.01177 0.49690
6 11 0.91951±0.00611 -0.00521 0.02633±0.00066 0.02229±0.00139 0.15351±0.05680 0.00603 0.01455 0.03336 0.03766 0.02116 0.20931
6 12 0.92581±0.00529 -0.00008 0.03004±0.00075 0.02690±0.00046 0.10434±0.02721 0.00581 0.01423 0.00106 0.00119 0.02239 0.06126
6 13 0.89145±0.00599 -0.00006 0.01857±0.00046 0.01645±0.00111 0.11416±0.06386 0.00717 0.01865 0.03744 0.04227 0.02215 0.00030
6 14 0.80552±0.00584 -0.00002 0.00421±0.00011 0.00259±0.00041 0.38446±0.09769 0.00571 0.03025 0.06062 0.06844 0.01539 0.12001
7 9 2.88649±0.90235 -0.00098 0.00329±0.00008 0.00043±0.00018 0.86846±0.05402 0.04859 0.02333 0.00112 0.00126 0.00329 0.80560
7 10 0.61946±0.01985 -0.09713 0.00717±0.00018 0.00209±0.00010 0.70878±0.01628 0.01062 0.00996 0.00011 0.00013 0.00728 0.61220
7 11 0.91608±0.00878 -0.15416 0.01672±0.00042 0.00929±0.00049 0.44447±0.03229 0.00578 0.01095 0.01750 0.01975 0.01389 0.55239
7 12 0.98217±0.00695 -0.00187 0.02650±0.00066 0.02272±0.00118 0.14246±0.04956 0.00656 0.01592 0.02734 0.03086 0.02144 0.14176
7 13 0.95113±0.00644 -0.00004 0.02965±0.00074 0.02658±0.00053 0.10363±0.02864 0.00692 0.01640 0.00064 0.00072 0.02241 0.00077
7 14 0.96254±0.00738 -0.00009 0.02277±0.00057 0.02041±0.00107 0.10348±0.05198 0.00819 0.01643 0.02861 0.03230 0.02241 0.06278
7 15 0.80223±0.00477 -0.00005 0.00603±0.00015 0.00361±0.00052 0.40078±0.08801 0.00453 0.02187 0.05556 0.06273 0.01498 0.00013
8 10 1.74274±0.41105 -0.00014 0.00654±0.00016 0.00012±0.00004 0.98112±0.00683 0.00516 0.00445 0.00013 0.00014 0.00047 0.98699
8 11 1.19750±0.11613 -0.03235 0.00543±0.00014 0.00132±0.00016 0.75710±0.03044 0.02651 0.01350 0.00141 0.00159 0.00607 0.45023
8 12 0.89872±0.01659 -0.07716 0.01086±0.00027 0.00616±0.00041 0.43269±0.04063 0.01125 0.01330 0.02245 0.02535 0.01418 0.47204
8 13 0.96191±0.00711 -0.00815 0.02525±0.00063 0.02098±0.00133 0.16915±0.05676 0.00657 0.01708 0.03285 0.03709 0.02077 0.22699
8 14 1.00086±0.00639 -0.00027 0.04173±0.00104 0.03681±0.00072 0.11796±0.02805 0.00636 0.01425 0.00501 0.00565 0.02205 0.04016
8 15 1.02025±0.00626 -0.00003 0.03563±0.00089 0.03215±0.00123 0.09780±0.04125 0.00652 0.01472 0.02025 0.02287 0.02256 0.02838
8 16 1.03070±0.01025 -0.00021 0.00573±0.00014 0.00374±0.00045 0.34744±0.08074 0.00824 0.03446 0.04687 0.05292 0.01631 0.04372
9 11 1.15365±0.32048 -0.00004 0.00375±0.00009 0.00029±0.00014 0.92185±0.03746 0.02692 0.02531 0.00388 0.00438 0.00195 0.98575
9 12 0.97539±0.18411 -0.00006 0.00543±0.00014 0.00021±0.00007 0.96046±0.01345 0.00871 0.01015 0.00066 0.00075 0.00099 0.99088
9 13 1.05672±0.17726 -0.00010 0.00742±0.00019 0.00028±0.00007 0.96228±0.01010 0.00753 0.00648 0.00105 0.00118 0.00094 0.98319
9 14 1.02576±0.11180 -0.00007 0.01179±0.00029 0.00326±0.00045 0.72360±0.03872 0.03223 0.01314 0.01028 0.01161 0.00691 0.91145
9 15 0.90975±0.02548 -0.00026 0.04117±0.00103 0.03086±0.00115 0.25040±0.03358 0.02374 0.01379 0.00315 0.00356 0.01874 0.62232
9 16 0.88374±0.01384 -0.00011 0.05973±0.00149 0.04933±0.00146 0.17420±0.03197 0.01498 0.01072 0.01063 0.01200 0.02064 0.29738
Table F.5: Pass 3 Target LH2, Energy 687, Octant 5, sbfil= 1.05100 ± 0.00500, r= 15.46465.
186
CED FPD # m Ymeastot Y
sim






1 3 0.74772±0.02550 -0.07631 0.04525±0.00113 0.00662±0.00040 0.85379±0.00966 0.00755 0.00475 0.00034 0.00050 0.00366 0.81819
1 4 0.73452±0.02412 -0.16566 0.02480±0.00062 0.00494±0.00029 0.80067±0.01273 0.00978 0.00644 0.00026 0.00037 0.00498 0.77346
1 5 0.77953±0.01140 -0.16924 0.01333±0.00033 0.00506±0.00020 0.62069±0.01756 0.00808 0.01134 0.00278 0.00407 0.00948 0.65759
1 6 0.79980±0.00846 -0.04639 0.01070±0.00027 0.00796±0.00082 0.25620±0.07899 0.00908 0.01901 0.04166 0.06094 0.01860 0.49341
1 7 0.76882±0.00535 -0.00026 0.01793±0.00045 0.01582±0.00065 0.11800±0.04239 0.00855 0.02063 0.01609 0.02353 0.02205 0.21236
1 8 0.67071±0.00710 -0.00002 0.00884±0.00022 0.00832±0.00030 0.05823±0.04116 0.01523 0.02899 0.00464 0.00679 0.02354 0.27095
1 9 0.93706±0.01408 -0.00007 0.00226±0.00006 0.00312±0.00020 -0.38022±0.09629 0.03273 0.07959 0.01467 0.02146 0.03451 0.00901
2 4 0.67366±0.02901 -0.04230 0.02746±0.00069 0.00398±0.00030 0.85501±0.01163 0.00938 0.00583 0.00004 0.00005 0.00362 0.81832
2 5 0.75509±0.02748 -0.14173 0.02203±0.00055 0.00437±0.00028 0.80154±0.01363 0.01065 0.00672 0.00093 0.00135 0.00496 0.83307
2 6 0.80870±0.01483 -0.14341 0.01148±0.00029 0.00428±0.00020 0.62697±0.01969 0.00970 0.01130 0.00501 0.00733 0.00933 0.63631
2 7 0.86918±0.00848 -0.02591 0.01047±0.00026 0.00804±0.00081 0.23183±0.07965 0.00849 0.01938 0.04196 0.06137 0.01920 0.43520
2 8 0.84528±0.00893 -0.00013 0.01463±0.00037 0.01308±0.00052 0.10621±0.04182 0.01349 0.02750 0.00996 0.01457 0.02234 0.12306
2 9 0.76090±0.00697 -0.00009 0.01363±0.00034 0.01200±0.00042 0.11965±0.03771 0.01249 0.02510 0.00694 0.01015 0.02201 0.03254
2 10 0.69977±0.00747 -0.00002 0.00404±0.00010 0.00383±0.00061 0.05124±0.15404 0.01987 0.04936 0.08048 0.11772 0.02372 0.01863
3 5 0.62042±0.02531 -0.04950 0.02619±0.00065 0.00371±0.00027 0.85836±0.01083 0.00860 0.00550 0.00039 0.00058 0.00354 0.78844
3 6 0.80888±0.02783 -0.17567 0.02557±0.00064 0.00559±0.00034 0.78136±0.01424 0.01124 0.00681 0.00023 0.00034 0.00547 0.72518
3 7 0.82754±0.01188 -0.15943 0.01344±0.00034 0.00548±0.00023 0.59232±0.01978 0.00832 0.01167 0.00512 0.00748 0.01019 0.65296
3 8 0.88602±0.00974 -0.01428 0.01223±0.00031 0.00990±0.00110 0.19058±0.09226 0.00964 0.01824 0.04945 0.07233 0.02024 0.64413
3 9 0.89900±0.00603 -0.00007 0.02193±0.00055 0.01956±0.00062 0.10776±0.03601 0.00851 0.01992 0.01025 0.01499 0.02231 0.07468
3 10 0.84676±0.00679 -0.00009 0.01700±0.00043 0.01550±0.00064 0.08817±0.04420 0.01182 0.02224 0.01595 0.02334 0.02280 0.00003
3 11 0.72323±0.00645 -0.00002 0.00356±0.00009 0.00338±0.00086 0.05053±0.24324 0.01936 0.05199 0.13298 0.19452 0.02374 0.00628
4 6 0.63025±0.02520 -0.04919 0.01814±0.00045 0.00287±0.00021 0.84198±0.01236 0.00947 0.00689 0.00008 0.00011 0.00395 0.75918
4 7 0.77663±0.02321 -0.22020 0.02892±0.00072 0.00638±0.00036 0.77946±0.01362 0.01006 0.00716 0.00092 0.00135 0.00551 0.72303
4 8 0.88181±0.01206 -0.15321 0.01351±0.00034 0.00621±0.00025 0.54062±0.02169 0.00889 0.01227 0.00589 0.00862 0.01148 0.59389
4 9 0.91593±0.00647 -0.01930 0.01837±0.00046 0.01554±0.00131 0.15417±0.07434 0.00705 0.01964 0.03846 0.05626 0.02115 0.25684
4 10 0.89120±0.00655 -0.00011 0.02877±0.00072 0.02549±0.00065 0.11419±0.03169 0.00958 0.01942 0.00379 0.00554 0.02215 0.03354
4 11 0.84088±0.00538 -0.00002 0.02119±0.00053 0.01890±0.00130 0.10772±0.06523 0.00989 0.02241 0.03171 0.04639 0.02231 0.13430
4 12 0.73609±0.00630 -0.00004 0.00273±0.00007 0.00215±0.00062 0.21332±0.22888 0.01619 0.05479 0.12459 0.18224 0.01967 0.00043
5 7 0.59323±0.03227 -0.03750 0.00860±0.00021 0.00147±0.00014 0.82934±0.01738 0.01375 0.00965 0.00074 0.00108 0.00427 0.64755
5 8 0.79774±0.03294 -0.17183 0.01904±0.00048 0.00487±0.00034 0.74436±0.01893 0.01547 0.00843 0.00150 0.00219 0.00639 0.71157
5 9 0.88493±0.01282 -0.15315 0.01347±0.00034 0.00635±0.00027 0.52831±0.02301 0.00965 0.01340 0.00613 0.00896 0.01179 0.59430
5 10 0.90177±0.00717 -0.00810 0.01894±0.00047 0.01633±0.00134 0.13766±0.07373 0.00822 0.02242 0.03744 0.05477 0.02156 0.35766
5 11 0.88557±0.00590 -0.00006 0.02819±0.00070 0.02481±0.00059 0.12002±0.03026 0.00882 0.01880 0.00043 0.00062 0.02200 0.14056
5 12 0.77757±0.00552 -0.00007 0.01494±0.00037 0.01193±0.00123 0.20166±0.08464 0.01037 0.02580 0.04369 0.06391 0.01996 0.01696
5 13 0.74553±0.00639 -0.00000 0.00182±0.00005 0.00123±0.00039 0.32330±0.21369 0.01439 0.06081 0.11493 0.16812 0.01692 0.00000
6 8 0.82405±0.07474 -0.01846 0.00378±0.00009 0.00070±0.00012 0.81429±0.03109 0.02547 0.01721 0.00030 0.00044 0.00464 0.83422
6 9 0.74283±0.02180 -0.17116 0.01678±0.00042 0.00435±0.00025 0.74055±0.01630 0.01088 0.00847 0.00327 0.00478 0.00649 0.70241
6 10 0.88187±0.01234 -0.17147 0.01602±0.00040 0.00834±0.00037 0.47937±0.02647 0.01005 0.01273 0.00924 0.01351 0.01302 0.49690
6 11 0.91635±0.00586 -0.00531 0.02949±0.00074 0.02518±0.00168 0.14635±0.06068 0.00682 0.01708 0.03033 0.04436 0.02134 0.20931
6 12 0.90227±0.00512 -0.00008 0.02915±0.00073 0.02633±0.00060 0.09678±0.03046 0.00766 0.01886 0.00111 0.00162 0.02258 0.06126
6 13 0.83665±0.00583 -0.00006 0.01568±0.00039 0.01330±0.00134 0.15217±0.08783 0.01090 0.02735 0.04514 0.06603 0.02120 0.00030
6 14 0.74208±0.00617 -0.00002 0.00261±0.00007 0.00169±0.00049 0.35254±0.18728 0.01284 0.05931 0.09958 0.14565 0.01619 0.12001
7 9 2.07192±0.66459 -0.00100 0.00251±0.00006 0.00028±0.00017 0.88745±0.06841 0.06186 0.02894 0.00149 0.00218 0.00281 0.80560
7 10 0.79156±0.02912 -0.09892 0.00906±0.00023 0.00266±0.00019 0.70600±0.02225 0.01626 0.01328 0.00009 0.00014 0.00735 0.61220
7 11 0.94055±0.00876 -0.15700 0.01720±0.00043 0.01055±0.00060 0.38634±0.03796 0.00741 0.01443 0.01733 0.02535 0.01534 0.55239
7 12 0.94323±0.00648 -0.00191 0.02800±0.00070 0.02434±0.00143 0.13072±0.05545 0.00764 0.01910 0.02635 0.03854 0.02173 0.14176
7 13 0.90124±0.00618 -0.00004 0.02806±0.00070 0.02512±0.00066 0.10483±0.03252 0.00924 0.02167 0.00069 0.00101 0.02238 0.00077
7 14 0.87025±0.00678 -0.00009 0.01901±0.00048 0.01637±0.00128 0.13889±0.07058 0.01191 0.02348 0.03490 0.05105 0.02153 0.06278
7 15 0.70349±0.00482 -0.00005 0.00373±0.00009 0.00230±0.00062 0.38365±0.16804 0.00974 0.04088 0.09141 0.13371 0.01541 0.00013
8 10 1.39238±0.31327 -0.00014 0.00547±0.00014 0.00009±0.00005 0.98273±0.00838 0.00620 0.00561 0.00015 0.00022 0.00043 0.98699
8 11 1.25641±0.11610 -0.03295 0.00554±0.00014 0.00142±0.00022 0.74411±0.03942 0.03424 0.01830 0.00141 0.00206 0.00640 0.45023
8 12 0.96509±0.01246 -0.07858 0.01199±0.00030 0.00748±0.00050 0.37594±0.04453 0.01010 0.01707 0.02071 0.03029 0.01560 0.47204
8 13 0.95080±0.00682 -0.00830 0.02729±0.00068 0.02364±0.00161 0.13369±0.06295 0.00769 0.02061 0.03096 0.04528 0.02166 0.22699
8 14 0.91288±0.00565 -0.00027 0.03888±0.00097 0.03428±0.00087 0.11837±0.03134 0.00795 0.01841 0.00548 0.00801 0.02204 0.04016
8 15 0.86238±0.00545 -0.00003 0.02818±0.00070 0.02488±0.00145 0.11708±0.05607 0.00948 0.02076 0.02608 0.03815 0.02207 0.02838
8 16 0.75424±0.00839 -0.00021 0.00304±0.00008 0.00199±0.00052 0.34569±0.17280 0.01678 0.06267 0.08992 0.13153 0.01636 0.04372
9 11 0.88271±0.22064 -0.00004 0.00301±0.00008 0.00018±0.00014 0.94105±0.04506 0.03054 0.03192 0.00493 0.00721 0.00147 0.98575
9 12 0.92541±0.17535 -0.00006 0.00531±0.00013 0.00019±0.00009 0.96399±0.01720 0.01118 0.01298 0.00069 0.00101 0.00090 0.99088
9 13 1.00031±0.16602 -0.00010 0.00720±0.00018 0.00024±0.00009 0.96719±0.01288 0.00958 0.00834 0.00110 0.00160 0.00082 0.98319
9 14 1.07733±0.10953 -0.00007 0.01250±0.00031 0.00390±0.00058 0.68777±0.04696 0.03929 0.01717 0.00988 0.01445 0.00781 0.91145
9 15 0.94964±0.02749 -0.00026 0.04344±0.00109 0.03266±0.00161 0.24806±0.04163 0.03204 0.01800 0.00304 0.00445 0.01880 0.62232
9 16 0.85093±0.01292 -0.00012 0.05706±0.00143 0.04551±0.00179 0.20241±0.03711 0.01931 0.01426 0.01133 0.01657 0.01994 0.29738
Table F.6: Pass 3 Target LH2, Energy 687, Octant 6, sbfil= 1.03200 ± 0.00500, r= 15.29830.
187
CED FPD # m Ymeastot Y
sim






1 3 0.60850±0.02088 -0.07690 0.03654±0.00091 0.00537±0.00037 0.85307±0.01072 0.00851 0.00532 0.00043 0.00069 0.00367 0.81819
1 4 0.62280±0.02103 -0.16696 0.02095±0.00052 0.00420±0.00028 0.79958±0.01425 0.01122 0.00718 0.00030 0.00049 0.00501 0.77346
1 5 0.58303±0.00810 -0.17056 0.01115±0.00028 0.00381±0.00017 0.65774±0.01730 0.00764 0.01128 0.00335 0.00541 0.00856 0.65759
1 6 0.62515±0.00647 -0.04675 0.00859±0.00021 0.00666±0.00087 0.22468±0.10372 0.00962 0.02058 0.05233 0.08443 0.01938 0.49341
1 7 0.62920±0.00435 -0.00026 0.01484±0.00037 0.01323±0.00066 0.10850±0.04981 0.00933 0.02268 0.01959 0.03161 0.02229 0.21236
1 8 0.60140±0.00654 -0.00002 0.00774±0.00019 0.00742±0.00030 0.04109±0.04562 0.01778 0.03298 0.00534 0.00861 0.02397 0.27095
1 9 0.91790±0.01401 -0.00007 0.00226±0.00006 0.00301±0.00022 -0.32876±0.10335 0.03616 0.08652 0.01476 0.02382 0.03322 0.00901
2 4 0.53779±0.02322 -0.04263 0.02196±0.00055 0.00318±0.00027 0.85532±0.01280 0.01044 0.00647 0.00005 0.00007 0.00362 0.81832
2 5 0.62394±0.02324 -0.14284 0.01815±0.00045 0.00363±0.00026 0.79983±0.01528 0.01215 0.00749 0.00113 0.00183 0.00500 0.83307
2 6 0.61367±0.01081 -0.14453 0.00915±0.00023 0.00330±0.00018 0.63879±0.02159 0.00986 0.01196 0.00634 0.01022 0.00903 0.63631
2 7 0.67773±0.00641 -0.02611 0.00847±0.00021 0.00674±0.00086 0.20525±0.10360 0.00882 0.02075 0.05223 0.08426 0.01987 0.43520
2 8 0.68073±0.00708 -0.00013 0.01204±0.00030 0.01069±0.00049 0.11282±0.04615 0.01444 0.02990 0.01219 0.01967 0.02218 0.12306
2 9 0.65287±0.00615 -0.00010 0.01140±0.00028 0.01020±0.00041 0.10495±0.04228 0.01465 0.02864 0.00836 0.01349 0.02238 0.03254
2 10 0.63620±0.00702 -0.00002 0.00361±0.00009 0.00316±0.00066 0.12540±0.18364 0.02318 0.05575 0.09064 0.14623 0.02187 0.01863
3 5 0.50006±0.02041 -0.04988 0.02097±0.00052 0.00300±0.00024 0.85705±0.01201 0.00963 0.00616 0.00049 0.00080 0.00357 0.78844
3 6 0.65912±0.02316 -0.17705 0.02055±0.00051 0.00456±0.00031 0.77803±0.01605 0.01294 0.00768 0.00029 0.00046 0.00555 0.72518
3 7 0.63914±0.00881 -0.16067 0.01070±0.00027 0.00430±0.00021 0.59826±0.02200 0.00860 0.01258 0.00647 0.01044 0.01004 0.65296
3 8 0.69532±0.00751 -0.01439 0.00991±0.00025 0.00843±0.00118 0.14972±0.12070 0.01019 0.01963 0.06151 0.09922 0.02126 0.64413
3 9 0.72855±0.00488 -0.00007 0.01802±0.00045 0.01611±0.00061 0.10594±0.04039 0.00930 0.02184 0.01257 0.02027 0.02235 0.07468
3 10 0.71839±0.00583 -0.00009 0.01427±0.00036 0.01285±0.00066 0.09970±0.05132 0.01344 0.02499 0.01915 0.03090 0.02251 0.00003
3 11 0.67961±0.00628 -0.00002 0.00346±0.00009 0.00267±0.00093 0.22618±0.26958 0.02157 0.05596 0.13809 0.22278 0.01935 0.00628
4 6 0.51180±0.02062 -0.04957 0.01478±0.00037 0.00233±0.00019 0.84244±0.01362 0.01057 0.00763 0.00010 0.00016 0.00394 0.75918
4 7 0.65491±0.01989 -0.22192 0.02433±0.00061 0.00535±0.00034 0.78005±0.01510 0.01139 0.00798 0.00110 0.00178 0.00550 0.72303
4 8 0.69855±0.00910 -0.15441 0.01127±0.00028 0.00500±0.00023 0.55586±0.02353 0.00894 0.01296 0.00712 0.01149 0.01110 0.59389
4 9 0.75068±0.00518 -0.01945 0.01548±0.00039 0.01357±0.00140 0.12343±0.09282 0.00744 0.02124 0.04602 0.07424 0.02191 0.25684
4 10 0.76182±0.00564 -0.00011 0.02463±0.00062 0.02192±0.00063 0.11008±0.03385 0.01071 0.02156 0.00446 0.00720 0.02225 0.03354
4 11 0.77501±0.00505 -0.00002 0.01924±0.00048 0.01661±0.00139 0.13690±0.07545 0.01136 0.02528 0.03518 0.05676 0.02158 0.13430
4 12 0.73316±0.00659 -0.00004 0.00276±0.00007 0.00175±0.00067 0.36652±0.24432 0.01860 0.05996 0.12412 0.20024 0.01584 0.00043
5 7 0.56895±0.03127 -0.03779 0.00817±0.00020 0.00141±0.00016 0.82704±0.01952 0.01559 0.01082 0.00078 0.00126 0.00432 0.64755
5 8 0.70845±0.02990 -0.17317 0.01644±0.00041 0.00435±0.00034 0.73521±0.02178 0.01807 0.00964 0.00175 0.00282 0.00662 0.71157
5 9 0.75477±0.01048 -0.15435 0.01173±0.00029 0.00552±0.00026 0.52956±0.02518 0.01007 0.01459 0.00709 0.01144 0.01176 0.59430
5 10 0.78554±0.00615 -0.00817 0.01719±0.00043 0.01510±0.00143 0.12191±0.08574 0.00862 0.02391 0.04156 0.06705 0.02195 0.35766
5 11 0.81183±0.00544 -0.00006 0.02598±0.00065 0.02273±0.00060 0.12504±0.03175 0.00981 0.02080 0.00047 0.00075 0.02187 0.14056
5 12 0.74599±0.00548 -0.00007 0.01376±0.00034 0.01068±0.00133 0.22367±0.09828 0.01244 0.02987 0.04781 0.07713 0.01941 0.01696
5 13 0.73206±0.00651 -0.00000 0.00174±0.00004 0.00097±0.00042 0.44143±0.24168 0.01709 0.06955 0.12139 0.19583 0.01396 0.00000
6 8 0.80340±0.07159 -0.01861 0.00365±0.00009 0.00068±0.00012 0.81326±0.03434 0.02802 0.01928 0.00032 0.00051 0.00467 0.83422
6 9 0.68638±0.02041 -0.17250 0.01528±0.00038 0.00408±0.00026 0.73294±0.01837 0.01243 0.00955 0.00361 0.00583 0.00668 0.70241
6 10 0.77945±0.01047 -0.17281 0.01473±0.00037 0.00755±0.00038 0.48707±0.02874 0.01032 0.01361 0.01013 0.01634 0.01282 0.49690
6 11 0.84437±0.00531 -0.00535 0.02782±0.00070 0.02438±0.00180 0.12361±0.06827 0.00729 0.01855 0.03241 0.05228 0.02191 0.20931
6 12 0.86379±0.00494 -0.00008 0.02796±0.00070 0.02525±0.00063 0.09704±0.03202 0.00855 0.02092 0.00117 0.00188 0.02257 0.06126
6 13 0.83579±0.00598 -0.00006 0.01514±0.00038 0.01236±0.00145 0.18382±0.09783 0.01287 0.03145 0.04712 0.07602 0.02040 0.00030
6 14 0.78490±0.00688 -0.00003 0.00260±0.00006 0.00147±0.00053 0.43500±0.20478 0.01598 0.07001 0.10076 0.16256 0.01412 0.12001
7 9 2.36697±0.76495 -0.00101 0.00286±0.00007 0.00031±0.00022 0.89178±0.07682 0.06959 0.03232 0.00132 0.00213 0.00271 0.80560
7 10 0.78958±0.02943 -0.09970 0.00887±0.00022 0.00266±0.00021 0.70049±0.02512 0.01866 0.01505 0.00010 0.00015 0.00749 0.61220
7 11 0.86809±0.00777 -0.15823 0.01653±0.00041 0.01014±0.00064 0.38633±0.04146 0.00759 0.01540 0.01817 0.02931 0.01534 0.55239
7 12 0.89166±0.00602 -0.00192 0.02736±0.00068 0.02403±0.00153 0.12154±0.06024 0.00807 0.02053 0.02717 0.04384 0.02196 0.14176
7 13 0.87527±0.00606 -0.00004 0.02720±0.00068 0.02437±0.00072 0.10401±0.03456 0.01041 0.02413 0.00072 0.00116 0.02240 0.00077
7 14 0.87894±0.00700 -0.00009 0.01868±0.00047 0.01562±0.00139 0.16393±0.07722 0.01389 0.02682 0.03579 0.05773 0.02090 0.06278
7 15 0.73000±0.00529 -0.00005 0.00364±0.00009 0.00200±0.00068 0.45134±0.18652 0.01219 0.04833 0.09442 0.15232 0.01372 0.00013
8 10 1.42174±0.31354 -0.00014 0.00574±0.00014 0.00009±0.00005 0.98351±0.00897 0.00658 0.00607 0.00015 0.00024 0.00041 0.98699
8 11 1.39215±0.12795 -0.03320 0.00613±0.00015 0.00159±0.00026 0.74095±0.04359 0.03791 0.02037 0.00128 0.00207 0.00648 0.45023
8 12 0.97904±0.01224 -0.07919 0.01259±0.00031 0.00797±0.00054 0.36688±0.04605 0.01050 0.01833 0.01988 0.03207 0.01583 0.47204
8 13 0.94386±0.00664 -0.00837 0.02807±0.00070 0.02471±0.00175 0.11941±0.06599 0.00810 0.02212 0.03034 0.04894 0.02201 0.22699
8 14 0.93376±0.00581 -0.00028 0.04007±0.00100 0.03537±0.00098 0.11718±0.03288 0.00883 0.02031 0.00535 0.00864 0.02207 0.04016
8 15 0.96179±0.00621 -0.00003 0.03067±0.00077 0.02665±0.00162 0.13123±0.05705 0.01103 0.02365 0.02415 0.03896 0.02172 0.02838
8 16 0.98732±0.01152 -0.00021 0.00387±0.00010 0.00218±0.00060 0.43622±0.15486 0.02010 0.07162 0.07117 0.11482 0.01409 0.04372
9 11 1.11665±0.27238 -0.00004 0.00385±0.00010 0.00020±0.00019 0.94844±0.04857 0.03276 0.03508 0.00388 0.00627 0.00129 0.98575
9 12 1.03547±0.19322 -0.00007 0.00604±0.00015 0.00021±0.00011 0.96557±0.01866 0.01204 0.01419 0.00061 0.00099 0.00086 0.99088
9 13 1.05924±0.17363 -0.00010 0.00773±0.00019 0.00024±0.00011 0.96931±0.01400 0.01039 0.00915 0.00103 0.00166 0.00077 0.98319
9 14 1.12131±0.11273 -0.00007 0.01327±0.00033 0.00428±0.00066 0.67766±0.05022 0.04232 0.01870 0.00937 0.01512 0.00806 0.91145
9 15 0.95144±0.02740 -0.00027 0.04375±0.00109 0.03292±0.00179 0.24752±0.04500 0.03523 0.01990 0.00304 0.00491 0.01881 0.62232
9 16 0.91030±0.01408 -0.00012 0.05927±0.00148 0.04776±0.00206 0.19420±0.04018 0.02252 0.01632 0.01099 0.01773 0.02015 0.29738
Table F.7: Pass 3 Target LH2, Energy 687, Octant 7, sbfil= 1.02400 ± 0.00500, r= 15.22642.
188
CED FPD # m Ymeastot Y
sim






1 3 0.70190±0.02449 -0.07875 0.04039±0.00101 0.00614±0.00057 0.84796±0.01456 0.01195 0.00734 0.00040 0.00083 0.00380 0.81819
1 4 0.66867±0.02491 -0.17096 0.01886±0.00047 0.00453±0.00043 0.75990±0.02338 0.01953 0.01133 0.00035 0.00072 0.00600 0.77346
1 5 0.69242±0.00831 -0.17466 0.01057±0.00026 0.00465±0.00025 0.55984±0.02567 0.01092 0.01867 0.00362 0.00754 0.01100 0.65759
1 6 0.70857±0.00687 -0.04787 0.01136±0.00028 0.00907±0.00110 0.20155±0.09901 0.01021 0.02331 0.04049 0.08437 0.01996 0.49341
1 7 0.59693±0.00404 -0.00027 0.01491±0.00037 0.01338±0.00083 0.10269±0.05969 0.01141 0.02831 0.01996 0.04159 0.02243 0.21236
1 8 0.39879±0.00468 -0.00002 0.00473±0.00012 0.00484±0.00028 -0.02397±0.06390 0.02755 0.04735 0.00895 0.01865 0.02560 0.27095
1 9 0.98658±0.02165 -0.00007 0.00079±0.00002 0.00307±0.00033 -2.87369±0.43214 0.21072 0.35076 0.04311 0.08983 0.09684 0.00901
2 4 0.70526±0.03055 -0.04365 0.02837±0.00071 0.00416±0.00047 0.85323±0.01693 0.01406 0.00869 0.00004 0.00008 0.00367 0.81832
2 5 0.71140±0.02885 -0.14627 0.01779±0.00044 0.00421±0.00042 0.76323±0.02428 0.02035 0.01152 0.00118 0.00246 0.00592 0.83307
2 6 0.79185±0.01238 -0.14800 0.00948±0.00024 0.00448±0.00027 0.52716±0.03072 0.01440 0.01969 0.00626 0.01304 0.01182 0.63631
2 7 0.77169±0.00668 -0.02674 0.01158±0.00029 0.00931±0.00109 0.19643±0.09584 0.00889 0.02286 0.03913 0.08154 0.02009 0.43520
2 8 0.73481±0.00727 -0.00014 0.01346±0.00034 0.01205±0.00066 0.10446±0.05418 0.01756 0.03820 0.01117 0.02328 0.02239 0.12306
2 9 0.59680±0.00617 -0.00010 0.00988±0.00025 0.00905±0.00051 0.08380±0.05607 0.02240 0.03994 0.00988 0.02059 0.02290 0.03254
2 10 0.58040±0.00871 -0.00002 0.00164±0.00004 0.00197±0.00082 -0.20460±0.50455 0.08402 0.14858 0.20502 0.42720 0.03011 0.01863
3 5 0.74410±0.03022 -0.05108 0.03097±0.00077 0.00450±0.00047 0.85478±0.01562 0.01276 0.00820 0.00034 0.00072 0.00363 0.78844
3 6 0.74226±0.02802 -0.18130 0.02044±0.00051 0.00516±0.00049 0.74754±0.02463 0.02083 0.01151 0.00030 0.00062 0.00631 0.72518
3 7 0.78886±0.00963 -0.16453 0.01146±0.00029 0.00557±0.00030 0.51405±0.02924 0.01162 0.01917 0.00619 0.01290 0.01215 0.65296
3 8 0.80188±0.00819 -0.01474 0.01390±0.00035 0.01207±0.00148 0.13217±0.10865 0.01047 0.02135 0.04490 0.09356 0.02170 0.64413
3 9 0.79972±0.00530 -0.00007 0.02037±0.00051 0.01855±0.00082 0.08901±0.04624 0.01184 0.02805 0.01138 0.02372 0.02277 0.07468
3 10 0.73630±0.00621 -0.00009 0.01373±0.00034 0.01220±0.00085 0.11088±0.06591 0.01969 0.03522 0.02040 0.04250 0.02223 0.00003
3 11 0.69207±0.00780 -0.00002 0.00183±0.00005 0.00114±0.00117 0.37917±0.63612 0.06681 0.14210 0.26662 0.55557 0.01552 0.00628
4 6 0.93733±0.03856 -0.05076 0.02639±0.00066 0.00427±0.00047 0.83808±0.01839 0.01465 0.01035 0.00006 0.00012 0.00405 0.75918
4 7 0.74687±0.02396 -0.22725 0.02408±0.00060 0.00601±0.00053 0.75053±0.02302 0.01834 0.01216 0.00114 0.00238 0.00624 0.72303
4 8 0.84702±0.00960 -0.15811 0.01186±0.00030 0.00639±0.00033 0.46115±0.03110 0.01184 0.01974 0.00692 0.01443 0.01347 0.59389
4 9 0.85712±0.00551 -0.01992 0.02140±0.00053 0.01842±0.00176 0.13905±0.08524 0.00758 0.02320 0.03409 0.07103 0.02152 0.25684
4 10 0.81733±0.00616 -0.00011 0.02714±0.00068 0.02395±0.00088 0.11759±0.03932 0.01404 0.02776 0.00415 0.00864 0.02206 0.03354
4 11 0.78008±0.00543 -0.00002 0.01638±0.00041 0.01418±0.00176 0.13434±0.10935 0.01897 0.03953 0.04232 0.08818 0.02164 0.13430
4 12 0.73735±0.00800 -0.00004 0.00141±0.00004 0.00055±0.00084 0.61175±0.60044 0.05862 0.15655 0.24948 0.51985 0.00971 0.00043
5 7 1.13779±0.06449 -0.03870 0.01598±0.00040 0.00286±0.00042 0.82107±0.02660 0.02173 0.01463 0.00041 0.00085 0.00447 0.64755
5 8 0.82319±0.03714 -0.17733 0.01712±0.00043 0.00517±0.00055 0.69795±0.03297 0.02850 0.01422 0.00172 0.00359 0.00755 0.71157
5 9 0.84759±0.01041 -0.15805 0.01178±0.00029 0.00653±0.00036 0.44529±0.03333 0.01318 0.02158 0.00723 0.01507 0.01387 0.59430
5 10 0.82234±0.00611 -0.00836 0.02145±0.00054 0.01863±0.00180 0.13157±0.08647 0.00910 0.02654 0.03412 0.07110 0.02171 0.35766
5 11 0.78886±0.00538 -0.00006 0.02533±0.00063 0.02204±0.00077 0.13000±0.03740 0.01316 0.02741 0.00049 0.00102 0.02175 0.14056
5 12 0.69094±0.00554 -0.00007 0.00998±0.00025 0.00771±0.00165 0.22747±0.16664 0.02291 0.05043 0.06748 0.14061 0.01931 0.01696
5 13 0.65348±0.00648 -0.00000 0.00090±0.00002 0.00020±0.00052 0.77348±0.57595 0.04321 0.15783 0.23891 0.49783 0.00566 0.00000
6 8 1.51513±0.12706 -0.01905 0.00753±0.00019 0.00128±0.00030 0.83025±0.03976 0.03191 0.02333 0.00016 0.00033 0.00424 0.83422
6 9 0.94034±0.02915 -0.17664 0.01871±0.00047 0.00584±0.00046 0.68782±0.02603 0.01918 0.01414 0.00302 0.00630 0.00780 0.70241
6 10 0.85786±0.01027 -0.17696 0.01535±0.00038 0.00893±0.00050 0.41835±0.03559 0.01285 0.01901 0.00995 0.02074 0.01454 0.49690
6 11 0.85568±0.00511 -0.00548 0.03213±0.00080 0.02841±0.00226 0.11577±0.07367 0.00803 0.02153 0.02873 0.05987 0.02211 0.20931
6 12 0.84731±0.00493 -0.00008 0.02698±0.00067 0.02490±0.00083 0.07720±0.03832 0.01169 0.02813 0.00124 0.00258 0.02307 0.06126
6 13 0.78888±0.00604 -0.00006 0.01097±0.00027 0.00896±0.00181 0.18336±0.16610 0.02376 0.05417 0.06657 0.13871 0.02042 0.00030
6 14 0.73638±0.00757 -0.00003 0.00153±0.00004 0.00045±0.00066 0.70551±0.43166 0.03938 0.14711 0.17472 0.36408 0.00736 0.12001
7 9 2.31032±0.74094 -0.00103 0.00290±0.00007 0.00026±0.00028 0.91032±0.09707 0.08786 0.04111 0.00133 0.00277 0.00224 0.80560
7 10 1.17673±0.04580 -0.10209 0.01218±0.00030 0.00396±0.00043 0.67519±0.03628 0.02798 0.02161 0.00007 0.00015 0.00812 0.61220
7 11 0.90008±0.00718 -0.16202 0.01803±0.00045 0.01181±0.00081 0.34463±0.04765 0.00851 0.01936 0.01706 0.03555 0.01638 0.55239
7 12 0.87517±0.00560 -0.00197 0.03013±0.00075 0.02671±0.00192 0.11349±0.06759 0.00903 0.02420 0.02526 0.05264 0.02216 0.14176
7 13 0.83320±0.00595 -0.00004 0.02584±0.00065 0.02312±0.00091 0.10519±0.04158 0.01423 0.03198 0.00077 0.00161 0.02237 0.00077
7 14 0.80501±0.00678 -0.00009 0.01373±0.00034 0.01172±0.00173 0.14635±0.12757 0.02421 0.04420 0.04986 0.10389 0.02134 0.06278
7 15 0.67877±0.00555 -0.00005 0.00210±0.00005 0.00074±0.00084 0.64902±0.40188 0.02930 0.10300 0.16755 0.34913 0.00877 0.00013
8 10 1.04975±0.21770 -0.00015 0.00444±0.00011 0.00007±0.00005 0.98523±0.01095 0.00781 0.00766 0.00020 0.00041 0.00037 0.98699
8 11 1.74621±0.15816 -0.03400 0.00736±0.00018 0.00206±0.00043 0.72031±0.05929 0.05164 0.02816 0.00109 0.00228 0.00699 0.45023
8 12 1.10241±0.01252 -0.08109 0.01534±0.00038 0.01030±0.00071 0.32861±0.04910 0.01167 0.02240 0.01670 0.03481 0.01678 0.47204
8 13 0.91610±0.00608 -0.00857 0.03083±0.00077 0.02773±0.00218 0.10062±0.07432 0.00892 0.02584 0.02828 0.05892 0.02248 0.22699
8 14 0.84764±0.00535 -0.00028 0.03681±0.00092 0.03298±0.00118 0.10403±0.03916 0.01170 0.02654 0.00597 0.01244 0.02240 0.04016
8 15 0.88866±0.00611 -0.00004 0.02459±0.00061 0.02146±0.00201 0.12716±0.08475 0.01792 0.03606 0.03085 0.06429 0.02182 0.02838
8 16 0.95412±0.01291 -0.00022 0.00268±0.00007 0.00085±0.00075 0.68391±0.28034 0.04304 0.13222 0.10527 0.21935 0.00790 0.04372
9 11 0.83623±0.19111 -0.00005 0.00309±0.00008 0.00009±0.00018 0.97132±0.05865 0.03787 0.04329 0.00495 0.01032 0.00072 0.98575
9 12 0.88286±0.15686 -0.00007 0.00542±0.00014 0.00016±0.00012 0.97013±0.02303 0.01442 0.01786 0.00070 0.00146 0.00075 0.99088
9 13 0.91477±0.14465 -0.00011 0.00691±0.00017 0.00017±0.00012 0.97543±0.01755 0.01279 0.01168 0.00118 0.00246 0.00061 0.98319
9 14 1.09160±0.10660 -0.00007 0.01313±0.00033 0.00482±0.00083 0.63321±0.06358 0.05350 0.02434 0.00970 0.02022 0.00917 0.91145
9 15 0.98270±0.02783 -0.00027 0.04633±0.00116 0.03463±0.00241 0.25251±0.05525 0.04469 0.02568 0.00294 0.00613 0.01869 0.62232
9 16 0.93536±0.01530 -0.00012 0.05853±0.00146 0.04615±0.00279 0.21147±0.05159 0.03277 0.02247 0.01140 0.02375 0.01971 0.29738
Table F.8: Pass 3 Target LH2, Energy 687, Octant 8, sbfil= 1.00000 ± 0.00500, r= 15.00385.
189
CED FPD # m Ymeastot Y
sim






1 3 1.51172±0.01658 0.03900 0.08490±0.00212 0.06324±0.00297 0.25511±0.03958 0.01425 0.02933 0.00608 0.01094 0.01862 0.22518
1 4 1.38468±0.01323 0.02367 0.07331±0.00183 0.05285±0.00214 0.27906±0.03433 0.01222 0.02504 0.00427 0.00769 0.01802 0.16216
1 5 1.07663±0.00691 0.31205 0.10057±0.00251 0.08229±0.00881 0.18175±0.09000 0.00756 0.02192 0.04109 0.07387 0.02046 0.09848
1 6 0.91878±0.00474 0.42840 0.20114±0.00503 0.18397±0.01265 0.08536±0.06691 0.00768 0.02300 0.02820 0.05070 0.02287 0.03279
1 7 0.84546±0.00404 0.06977 0.18869±0.00472 0.17105±0.00471 0.09350±0.03370 0.00780 0.02144 0.00490 0.00880 0.02266 0.01106
1 8 0.66976±0.00480 -0.31024 0.06014±0.00150 0.04906±0.00871 0.18430±0.14620 0.01311 0.03227 0.06830 0.12280 0.02039 0.00000
1 9 0.79426±0.01351 -0.10051 0.00871±0.00022 0.00476±0.00285 0.45290±0.32808 0.03213 0.08665 0.15287 0.27484 0.01368 0.00000
2 4 1.44065±0.01878 0.00186 0.05050±0.00126 0.03797±0.00206 0.24810±0.04489 0.01792 0.03661 0.00049 0.00087 0.01880 0.18994
2 5 1.31708±0.01365 0.04901 0.06012±0.00150 0.04475±0.00220 0.25559±0.04112 0.01308 0.02609 0.01080 0.01941 0.01861 0.09113
2 6 1.04334±0.00739 0.30842 0.08484±0.00212 0.07153±0.00873 0.15689±0.10507 0.00836 0.02685 0.04813 0.08654 0.02108 0.04290
2 7 0.97556±0.00518 0.25023 0.19595±0.00490 0.17546±0.00839 0.10458±0.04832 0.00808 0.02363 0.01691 0.03040 0.02239 0.02510
2 8 0.90834±0.00509 -0.04242 0.14576±0.00364 0.12844±0.00409 0.11886±0.03566 0.00921 0.02528 0.00385 0.00693 0.02203 0.00034
2 9 0.81604±0.00525 -0.39222 0.07397±0.00185 0.05262±0.01098 0.28858±0.14952 0.01109 0.03245 0.07021 0.12623 0.01779 0.00402
2 10 0.69589±0.00833 -0.04612 0.00638±0.00016 0.00157±0.00137 0.75460±0.21465 0.01120 0.08466 0.09568 0.17201 0.00613 0.00000
3 5 1.33305±0.01550 0.00666 0.05328±0.00133 0.03713±0.00177 0.30319±0.03754 0.01467 0.02964 0.00165 0.00298 0.01742 0.19210
3 6 1.28776±0.01080 0.05041 0.07269±0.00182 0.05144±0.00240 0.29240±0.03747 0.01016 0.02511 0.00918 0.01651 0.01769 0.07908
3 7 1.02783±0.00615 0.50777 0.13188±0.00330 0.11826±0.01430 0.10327±0.11071 0.00756 0.02638 0.05098 0.09166 0.02242 0.02789
3 8 0.95214±0.00507 0.41063 0.21464±0.00537 0.19492±0.01231 0.09186±0.06167 0.00793 0.02255 0.02533 0.04554 0.02270 0.01139
3 9 0.93645±0.00461 -0.11559 0.20449±0.00511 0.17901±0.00566 0.12461±0.03530 0.00816 0.02153 0.00748 0.01346 0.02188 0.00514
3 10 0.84819±0.00525 -0.43543 0.06641±0.00166 0.04067±0.01209 0.38766±0.18261 0.01028 0.03330 0.08681 0.15608 0.01531 0.00119
3 11 0.68578±0.00534 -0.01243 0.00584±0.00015 0.00062±0.00049 0.89437±0.08418 0.00261 0.06087 0.02821 0.05071 0.00264 0.00781
4 6 1.43553±0.02087 0.00196 0.04728±0.00118 0.03266±0.00175 0.30913±0.04091 0.01834 0.03221 0.00055 0.00099 0.01727 0.22097
4 7 1.22073±0.00945 0.04790 0.09040±0.00226 0.06513±0.00299 0.27945±0.03763 0.00975 0.02808 0.00702 0.01262 0.01801 0.10133
4 8 1.00969±0.00619 0.57133 0.14559±0.00364 0.13194±0.01609 0.09373±0.11282 0.00785 0.02693 0.05196 0.09342 0.02266 0.01319
4 9 0.96727±0.00430 0.26090 0.30281±0.00757 0.26984±0.00943 0.10889±0.03830 0.00690 0.01929 0.01141 0.02051 0.02228 0.01414
4 10 0.94682±0.00428 -0.27385 0.24905±0.00623 0.21627±0.00933 0.13159±0.04331 0.00765 0.02118 0.01456 0.02618 0.02171 0.00060
4 11 0.82620±0.00431 -0.43403 0.06610±0.00165 0.03181±0.01201 0.51873±0.18207 0.00734 0.03099 0.08694 0.15631 0.01203 0.00277
4 12 0.67560±0.00569 -0.00214 0.00551±0.00014 0.00039±0.00020 0.93012±0.03717 0.00129 0.03558 0.00513 0.00923 0.00175 0.01539
5 7 1.55537±0.02643 0.01208 0.03134±0.00078 0.02129±0.00146 0.32087±0.04944 0.02019 0.04047 0.00510 0.00917 0.01698 0.08907
5 8 1.19289±0.00960 0.06452 0.06631±0.00166 0.04725±0.00258 0.28740±0.04274 0.00961 0.02672 0.01288 0.02316 0.01781 0.07900
5 9 1.00297±0.00575 0.62314 0.15904±0.00398 0.14440±0.01747 0.09205±0.11220 0.00738 0.02503 0.05188 0.09328 0.02270 0.05513
5 10 0.94465±0.00444 0.30074 0.28379±0.00709 0.25489±0.01024 0.10183±0.04250 0.00729 0.02038 0.01403 0.02523 0.02245 0.00621
5 11 0.92789±0.00453 -0.50575 0.21542±0.00539 0.17723±0.01471 0.17728±0.07133 0.00840 0.02246 0.03109 0.05589 0.02057 0.00215
5 12 0.81989±0.00568 -0.20454 0.03024±0.00076 0.00989±0.00571 0.67309±0.18887 0.00786 0.03995 0.08956 0.16101 0.00817 0.00000
5 13 0.64288±0.00425 -0.00169 0.00504±0.00013 0.00020±0.00011 0.95956±0.02120 0.00063 0.01908 0.00445 0.00799 0.00101 0.01170
6 8 1.99923±0.04373 0.00766 0.01803±0.00045 0.01142±0.00119 0.36659±0.06771 0.02362 0.06035 0.00563 0.01011 0.01584 0.04678
6 9 1.21393±0.00977 0.11706 0.07906±0.00198 0.05511±0.00381 0.30286±0.05130 0.00890 0.02493 0.01961 0.03525 0.01743 0.07627
6 10 0.99614±0.00506 0.76213 0.22993±0.00575 0.20798±0.02141 0.09545±0.09582 0.00681 0.02172 0.04389 0.07891 0.02261 0.03140
6 11 0.96185±0.00397 0.14389 0.38457±0.00961 0.33905±0.00854 0.11838±0.03128 0.00654 0.01861 0.00495 0.00891 0.02204 0.00674
6 12 0.92649±0.00469 -0.66486 0.19126±0.00478 0.14785±0.01875 0.22694±0.09991 0.00876 0.02374 0.04603 0.08276 0.01933 0.00000
6 13 0.77644±0.00445 -0.18047 0.03030±0.00076 0.00826±0.00505 0.72745±0.16685 0.00543 0.03798 0.07886 0.14178 0.00681 0.00000
6 14 0.67366±0.00533 -0.00765 0.00762±0.00019 0.00065±0.00037 0.91471±0.04837 0.00176 0.03981 0.01329 0.02389 0.00213 0.00000
7 9 3.81165±0.34429 -0.00361 0.01024±0.00026 0.00358±0.00134 0.65043±0.13067 0.06964 0.10980 0.00467 0.00839 0.00874 0.52396
7 10 1.31502±0.01302 0.11464 0.05939±0.00148 0.04219±0.00370 0.28969±0.06485 0.01047 0.03188 0.02556 0.04595 0.01776 0.06248
7 11 0.98410±0.00481 0.79720 0.28821±0.00721 0.26072±0.02266 0.09539±0.08183 0.00682 0.02144 0.03663 0.06585 0.02262 0.03434
7 12 0.94908±0.00428 0.06111 0.33614±0.00840 0.29645±0.00719 0.11809±0.03071 0.00722 0.01950 0.00241 0.00433 0.02205 0.00792
7 13 0.91778±0.00493 -0.64100 0.18245±0.00456 0.14182±0.01810 0.22269±0.10111 0.00934 0.02446 0.04652 0.08364 0.01943 0.00358
7 14 0.77025±0.00445 -0.26487 0.03810±0.00095 0.01177±0.00733 0.69092±0.19270 0.00626 0.03405 0.09207 0.16552 0.00773 0.00141
7 15 0.62717±0.00395 -0.00824 0.00951±0.00024 0.00053±0.00030 0.94447±0.03190 0.00097 0.02138 0.01148 0.02064 0.00139 0.01027
8 10 2.38295±0.34143 -0.00288 0.00551±0.00014 0.00129±0.00083 0.76513±0.15027 0.07895 0.12693 0.00691 0.01242 0.00587 0.89944
8 11 1.82976±0.02966 0.09660 0.04624±0.00116 0.03747±0.00399 0.18965±0.08869 0.01810 0.06236 0.02766 0.04973 0.02026 0.15730
8 12 1.16102±0.00666 0.38163 0.26371±0.00659 0.23672±0.01255 0.10235±0.05260 0.00852 0.02523 0.01916 0.03445 0.02244 0.03640
8 13 0.98924±0.00439 0.05901 0.37502±0.00938 0.32833±0.00814 0.12450±0.03083 0.00706 0.02008 0.00208 0.00375 0.02189 0.00449
8 14 0.92937±0.00426 -0.47957 0.28920±0.00723 0.23845±0.01442 0.17548±0.05395 0.00762 0.01968 0.02196 0.03948 0.02061 0.00149
8 15 0.79247±0.00416 -0.47174 0.08024±0.00201 0.04254±0.01314 0.46985±0.16429 0.00747 0.03329 0.07785 0.13997 0.01325 0.00180
8 16 0.67280±0.00515 -0.00681 0.00847±0.00021 0.00073±0.00029 0.91340±0.03458 0.00162 0.02663 0.01064 0.01912 0.00216 0.00231
9 11 3.47070±0.57019 0.00002 0.00647±0.00016 0.00072±0.00047 0.88842±0.07262 0.03347 0.06439 0.00004 0.00007 0.00279 0.82308
9 12 2.88790±0.33510 -0.00071 0.00750±0.00019 0.00084±0.00051 0.88818±0.06757 0.02686 0.06189 0.00125 0.00224 0.00280 0.73137
9 13 2.60232±0.24665 -0.00455 0.01268±0.00032 0.00181±0.00081 0.85690±0.06418 0.03342 0.05380 0.00475 0.00853 0.00358 0.80485
9 14 1.98688±0.02427 0.06656 0.13066±0.00327 0.10372±0.00571 0.20620±0.04802 0.01659 0.03801 0.00674 0.01213 0.01985 0.27320
9 15 1.18513±0.00557 -0.44012 0.40105±0.01003 0.32953±0.01495 0.17832±0.04255 0.00768 0.02089 0.01453 0.02613 0.02054 0.04236
9 16 1.05459±0.00440 -1.00135 0.34614±0.00865 0.23559±0.02821 0.31939±0.08325 0.00643 0.01975 0.03831 0.06887 0.01702 0.01348
Table F.9: Pass 3 Target LH2, Energy 362, Octant 1, sbfil= 1.00800 ± 0.00500, r= -0.69683.
190
CED FPD # m Ymeastot Y
sim






1 3 1.54334±0.01709 0.03885 0.08576±0.00214 0.06393±0.00274 0.25451±0.03697 0.01312 0.02675 0.00600 0.00977 0.01864 0.22518
1 4 1.41028±0.01376 0.02357 0.07337±0.00183 0.05348±0.00198 0.27115±0.03253 0.01146 0.02300 0.00425 0.00693 0.01822 0.16216
1 5 1.14904±0.00762 0.31082 0.10427±0.00261 0.08407±0.00818 0.19375±0.08102 0.00726 0.02036 0.03947 0.06429 0.02016 0.09848
1 6 0.96224±0.00506 0.42671 0.20856±0.00521 0.18835±0.01175 0.09690±0.06067 0.00713 0.02096 0.02709 0.04413 0.02258 0.03279
1 7 0.80762±0.00384 0.06949 0.18093±0.00452 0.16280±0.00411 0.10018±0.03195 0.00698 0.01928 0.00509 0.00828 0.02250 0.01106
1 8 0.58187±0.00406 -0.30902 0.05451±0.00136 0.04451±0.00799 0.18342±0.14800 0.01104 0.02791 0.07507 0.12227 0.02041 0.00000
1 9 0.58534±0.00951 -0.10012 0.00630±0.00016 0.00413±0.00259 0.34552±0.41100 0.02818 0.07958 0.21027 0.34251 0.01636 0.00000
2 4 1.51347±0.01998 0.00185 0.05245±0.00131 0.03986±0.00196 0.24005±0.04186 0.01656 0.03341 0.00047 0.00076 0.01900 0.18994
2 5 1.37266±0.01452 0.04882 0.06145±0.00154 0.04594±0.00207 0.25253±0.03847 0.01228 0.02400 0.01052 0.01713 0.01869 0.09113
2 6 1.11146±0.00815 0.30720 0.08756±0.00219 0.07262±0.00811 0.17070±0.09489 0.00806 0.02501 0.04646 0.07567 0.02073 0.04290
2 7 0.99469±0.00537 0.24924 0.19691±0.00492 0.17630±0.00775 0.10470±0.04530 0.00753 0.02163 0.01676 0.02730 0.02238 0.02510
2 8 0.86756±0.00484 -0.04225 0.13996±0.00350 0.12306±0.00354 0.12073±0.03353 0.00822 0.02269 0.00400 0.00651 0.02198 0.00034
2 9 0.73751±0.00464 -0.39067 0.06800±0.00170 0.05059±0.01010 0.25605±0.14970 0.00962 0.02879 0.07607 0.12392 0.01860 0.00402
2 10 0.54457±0.00617 -0.04594 0.00474±0.00012 0.00149±0.00122 0.68593±0.25848 0.01009 0.08051 0.12833 0.20904 0.00785 0.00000
3 5 1.38041±0.01624 0.00663 0.05454±0.00136 0.03835±0.00166 0.29684±0.03514 0.01356 0.02706 0.00161 0.00262 0.01758 0.19210
3 6 1.32556±0.01135 0.05021 0.07319±0.00183 0.05225±0.00223 0.28610±0.03534 0.00958 0.02317 0.00909 0.01480 0.01785 0.07908
3 7 1.06717±0.00660 0.50576 0.13216±0.00330 0.11712±0.01324 0.11384±0.10263 0.00730 0.02466 0.05067 0.08254 0.02215 0.02789
3 8 0.95295±0.00513 0.40901 0.21236±0.00531 0.19099±0.01134 0.10064±0.05796 0.00733 0.02059 0.02550 0.04154 0.02248 0.01139
3 9 0.92275±0.00450 -0.11513 0.20270±0.00507 0.17750±0.00510 0.12432±0.03334 0.00725 0.01931 0.00752 0.01225 0.02189 0.00514
3 10 0.80369±0.00485 -0.43371 0.06311±0.00158 0.04220±0.01115 0.33133±0.17752 0.00901 0.02997 0.09100 0.14824 0.01672 0.00119
3 11 0.54710±0.00410 -0.01238 0.00456±0.00011 0.00056±0.00040 0.87648±0.08883 0.00231 0.05611 0.03597 0.05860 0.00309 0.00781
4 6 1.46569±0.02146 0.00195 0.04792±0.00120 0.03332±0.00162 0.30472±0.03798 0.01679 0.02928 0.00054 0.00088 0.01738 0.22097
4 7 1.25159±0.00994 0.04771 0.09020±0.00226 0.06615±0.00277 0.26661±0.03577 0.00927 0.02604 0.00700 0.01141 0.01833 0.10133
4 8 1.02637±0.00649 0.56907 0.14247±0.00356 0.12799±0.01488 0.10168±0.10686 0.00759 0.02524 0.05289 0.08615 0.02246 0.01319
4 9 0.99298±0.00446 0.25987 0.30708±0.00768 0.27430±0.00874 0.10677±0.03618 0.00638 0.01762 0.01121 0.01825 0.02233 0.01414
4 10 0.94866±0.00423 -0.27276 0.25201±0.00630 0.21941±0.00856 0.12935±0.04035 0.00675 0.01893 0.01433 0.02334 0.02177 0.00060
4 11 0.75362±0.00385 -0.43232 0.05965±0.00149 0.03244±0.01108 0.45606±0.18622 0.00657 0.02827 0.09598 0.15633 0.01360 0.00277
4 12 0.53929±0.00437 -0.00213 0.00454±0.00011 0.00032±0.00015 0.92971±0.03332 0.00109 0.03107 0.00620 0.01010 0.00176 0.01539
5 7 1.55500±0.02664 0.01203 0.03077±0.00077 0.02108±0.00132 0.31473±0.04610 0.01870 0.03720 0.00518 0.00843 0.01713 0.08907
5 8 1.22206±0.01011 0.06426 0.06581±0.00165 0.04758±0.00239 0.27697±0.04052 0.00921 0.02489 0.01293 0.02106 0.01808 0.07900
5 9 1.02412±0.00606 0.62068 0.15516±0.00388 0.14076±0.01617 0.09281±0.10665 0.00719 0.02364 0.05297 0.08628 0.02268 0.05513
5 10 0.97338±0.00461 0.29956 0.29002±0.00725 0.25958±0.00950 0.10495±0.03966 0.00668 0.01855 0.01368 0.02228 0.02238 0.00621
5 11 0.90768±0.00436 -0.50375 0.21265±0.00532 0.17818±0.01354 0.16211±0.06702 0.00739 0.02008 0.03137 0.05110 0.02095 0.00215
5 12 0.70341±0.00471 -0.20373 0.02434±0.00061 0.00999±0.00524 0.58972±0.21564 0.00731 0.03842 0.11082 0.18051 0.01026 0.00000
5 13 0.50308±0.00323 -0.00168 0.00382±0.00010 0.00017±0.00008 0.95599±0.02100 0.00057 0.01775 0.00583 0.00950 0.00110 0.01170
6 8 1.79001±0.03967 0.00763 0.01576±0.00039 0.01008±0.00097 0.36002±0.06333 0.02213 0.05581 0.00641 0.01045 0.01600 0.04678
6 9 1.19390±0.00994 0.11660 0.07426±0.00186 0.05274±0.00349 0.28973±0.05025 0.00869 0.02355 0.02079 0.03387 0.01776 0.07627
6 10 1.01993±0.00533 0.75912 0.22646±0.00566 0.20481±0.01981 0.09560±0.09037 0.00657 0.02037 0.04439 0.07230 0.02261 0.03140
6 11 0.97398±0.00403 0.14332 0.38266±0.00957 0.34186±0.00782 0.10662±0.03028 0.00602 0.01709 0.00496 0.00808 0.02233 0.00674
6 12 0.87312±0.00433 -0.66223 0.18092±0.00452 0.14541±0.01726 0.19626±0.09747 0.00771 0.02135 0.04847 0.07895 0.02009 0.00000
6 13 0.65039±0.00365 -0.17976 0.02323±0.00058 0.00815±0.00463 0.64930±0.19966 0.00524 0.03745 0.10246 0.16690 0.00877 0.00000
6 14 0.51640±0.00401 -0.00762 0.00579±0.00014 0.00054±0.00029 0.90690±0.04925 0.00156 0.03621 0.01740 0.02835 0.00233 0.00000
7 9 2.87803±0.25826 -0.00360 0.00658±0.00016 0.00281±0.00091 0.57261±0.13876 0.07339 0.11646 0.00723 0.01178 0.01068 0.52396
7 10 1.32764±0.01362 0.11419 0.05646±0.00141 0.04100±0.00342 0.27381±0.06318 0.01040 0.03055 0.02678 0.04362 0.01815 0.06248
7 11 1.02356±0.00513 0.79405 0.28988±0.00725 0.26263±0.02100 0.09402±0.07591 0.00653 0.02001 0.03627 0.05908 0.02265 0.03434
7 12 0.95465±0.00431 0.06087 0.33301±0.00833 0.29758±0.00653 0.10640±0.02973 0.00662 0.01787 0.00242 0.00394 0.02234 0.00792
7 13 0.86885±0.00459 -0.63846 0.17141±0.00429 0.14009±0.01666 0.18275±0.09934 0.00834 0.02224 0.04932 0.08034 0.02043 0.00358
7 14 0.64762±0.00366 -0.26383 0.03035±0.00076 0.01170±0.00675 0.61460±0.22269 0.00584 0.03244 0.11512 0.18751 0.00963 0.00141
7 15 0.49093±0.00302 -0.00821 0.00735±0.00018 0.00046±0.00025 0.93805±0.03438 0.00087 0.01952 0.01478 0.02408 0.00155 0.01027
8 10 2.13266±0.30510 -0.00286 0.00507±0.00013 0.00122±0.00067 0.75901±0.13200 0.06916 0.11136 0.00748 0.01218 0.00602 0.89944
8 11 1.70706±0.02854 0.09622 0.04057±0.00101 0.03323±0.00351 0.18075±0.08903 0.01793 0.05985 0.03141 0.05116 0.02048 0.15730
8 12 1.16449±0.00682 0.38012 0.25677±0.00642 0.23277±0.01154 0.09346±0.05033 0.00808 0.02346 0.01960 0.03193 0.02266 0.03640
8 13 0.98896±0.00441 0.05877 0.36591±0.00915 0.32763±0.00736 0.10463±0.03009 0.00656 0.01856 0.00213 0.00346 0.02238 0.00449
8 14 0.87292±0.00394 -0.47767 0.27180±0.00680 0.22835±0.01315 0.15987±0.05273 0.00677 0.01775 0.02327 0.03791 0.02100 0.00149
8 15 0.74207±0.00384 -0.46988 0.07289±0.00182 0.04350±0.01211 0.40327±0.16687 0.00684 0.03096 0.08536 0.13904 0.01492 0.00180
8 16 0.57510±0.00427 -0.00678 0.00686±0.00017 0.00067±0.00024 0.90260±0.03575 0.00149 0.02538 0.01309 0.02132 0.00244 0.00231
9 11 2.50783±0.40657 0.00002 0.00460±0.00011 0.00052±0.00031 0.88655±0.06652 0.03033 0.05913 0.00005 0.00008 0.00284 0.82308
9 12 2.62773±0.30685 -0.00070 0.00690±0.00017 0.00078±0.00042 0.88668±0.06034 0.02410 0.05519 0.00135 0.00220 0.00283 0.73137
9 13 2.38620±0.22596 -0.00453 0.01107±0.00028 0.00178±0.00067 0.83948±0.06102 0.03164 0.05098 0.00541 0.00882 0.00401 0.80485
9 14 1.70309±0.02088 0.06630 0.10979±0.00274 0.08772±0.00452 0.20099±0.04574 0.01533 0.03499 0.00800 0.01302 0.01998 0.27320
9 15 1.15817±0.00538 -0.43838 0.38685±0.00967 0.32737±0.01360 0.15375±0.04102 0.00694 0.01910 0.01501 0.02444 0.02116 0.04236
9 16 0.95864±0.00390 -0.99740 0.30865±0.00772 0.22420±0.02592 0.27360±0.08592 0.00578 0.01817 0.04279 0.06970 0.01816 0.01348
Table F.10: Pass 3 Target LH2, Energy 362, Octant 2, sbfil= 1.01200 ± 0.00500, r= -0.55837.
191
CED FPD # m Ymeastot Y
sim






1 3 1.50414±0.01746 0.03847 0.08268±0.00207 0.06079±0.00204 0.26467±0.03080 0.01038 0.02020 0.00616 0.00757 0.01838 0.22518
1 4 1.36915±0.01303 0.02334 0.06993±0.00175 0.05108±0.00145 0.26954±0.02758 0.00850 0.01749 0.00442 0.00543 0.01826 0.16216
1 5 1.08140±0.00685 0.30778 0.09095±0.00227 0.07041±0.00664 0.22581±0.07558 0.00558 0.01641 0.04481 0.05504 0.01935 0.09848
1 6 0.92396±0.00465 0.42253 0.18924±0.00473 0.17064±0.00946 0.09829±0.05482 0.00540 0.01656 0.02956 0.03632 0.02254 0.03279
1 7 0.85506±0.00402 0.06881 0.19342±0.00484 0.17082±0.00327 0.11680±0.02780 0.00511 0.01426 0.00471 0.00579 0.02208 0.01106
1 8 0.68864±0.00487 -0.30599 0.06800±0.00170 0.05819±0.00658 0.14418±0.09910 0.00794 0.01978 0.05959 0.07320 0.02140 0.00000
1 9 0.67265±0.01099 -0.09914 0.01074±0.00027 0.00649±0.00213 0.39626±0.19872 0.01428 0.04007 0.12218 0.15008 0.01509 0.00000
2 4 1.37757±0.02039 0.00183 0.04769±0.00119 0.03621±0.00136 0.24068±0.03431 0.01388 0.02498 0.00051 0.00062 0.01898 0.18994
2 5 1.27112±0.01222 0.04834 0.05728±0.00143 0.04093±0.00151 0.28543±0.03191 0.00828 0.01781 0.01118 0.01373 0.01786 0.09113
2 6 1.05165±0.00742 0.30419 0.07615±0.00190 0.06034±0.00658 0.20762±0.08869 0.00630 0.02032 0.05290 0.06498 0.01981 0.04290
2 7 1.00108±0.00512 0.24680 0.18956±0.00474 0.17096±0.00618 0.09811±0.03963 0.00556 0.01689 0.01724 0.02118 0.02255 0.02510
2 8 0.90325±0.00501 -0.04184 0.14661±0.00367 0.12911±0.00277 0.11937±0.02900 0.00607 0.01684 0.00378 0.00464 0.02202 0.00034
2 9 0.80682±0.00543 -0.38685 0.08041±0.00201 0.06351±0.00829 0.21013±0.10497 0.00711 0.01989 0.06371 0.07826 0.01975 0.00402
2 10 0.68126±0.00740 -0.04549 0.00805±0.00020 0.00267±0.00102 0.66806±0.12685 0.00532 0.04427 0.07479 0.09187 0.00830 0.00000
3 5 1.27267±0.01688 0.00657 0.04840±0.00121 0.03514±0.00118 0.27399±0.03031 0.01186 0.02100 0.00180 0.00221 0.01815 0.19210
3 6 1.26373±0.01081 0.04972 0.06809±0.00170 0.04817±0.00167 0.29260±0.03025 0.00732 0.01773 0.00967 0.01188 0.01769 0.07908
3 7 1.04170±0.00625 0.50081 0.11756±0.00294 0.10067±0.01079 0.14371±0.09425 0.00580 0.02021 0.05641 0.06929 0.02141 0.02789
3 8 0.95497±0.00495 0.40501 0.20649±0.00516 0.18127±0.00917 0.12214±0.04954 0.00543 0.01585 0.02597 0.03190 0.02195 0.01139
3 9 0.92313±0.00445 -0.11400 0.20644±0.00516 0.18033±0.00393 0.12649±0.02897 0.00526 0.01417 0.00731 0.00898 0.02184 0.00514
3 10 0.84846±0.00547 -0.42947 0.07613±0.00190 0.05408±0.00914 0.28962±0.12140 0.00630 0.01958 0.07470 0.09175 0.01776 0.00119
3 11 0.68669±0.00749 -0.01226 0.00680±0.00017 0.00093±0.00035 0.86370±0.05185 0.00212 0.03524 0.02387 0.02933 0.00341 0.00781
4 6 1.24094±0.01794 0.00193 0.03991±0.00100 0.02815±0.00102 0.29461±0.03106 0.01259 0.02223 0.00064 0.00079 0.01763 0.22097
4 7 1.20044±0.00948 0.04725 0.08432±0.00211 0.06197±0.00204 0.26507±0.03039 0.00707 0.01995 0.00742 0.00911 0.01837 0.10133
4 8 1.02577±0.00624 0.56350 0.13089±0.00327 0.11278±0.01214 0.13832±0.09525 0.00593 0.02050 0.05701 0.07003 0.02154 0.01319
4 9 0.97262±0.00425 0.25733 0.29433±0.00736 0.26212±0.00684 0.10944±0.03218 0.00474 0.01345 0.01158 0.01422 0.02226 0.01414
4 10 0.93961±0.00426 -0.27009 0.25621±0.00641 0.22396±0.00679 0.12587±0.03436 0.00499 0.01377 0.01396 0.01715 0.02185 0.00060
4 11 0.83227±0.00487 -0.42809 0.07446±0.00186 0.04515±0.00909 0.39364±0.12305 0.00496 0.01868 0.07612 0.09351 0.01516 0.00277
4 12 0.61800±0.00646 -0.00211 0.00579±0.00014 0.00040±0.00013 0.93089±0.02231 0.00094 0.02087 0.00482 0.00592 0.00173 0.01539
5 7 1.32163±0.02014 0.01191 0.02555±0.00064 0.01751±0.00083 0.31487±0.03686 0.01271 0.02842 0.00617 0.00758 0.01713 0.08907
5 8 1.19911±0.01051 0.06363 0.06112±0.00153 0.04469±0.00186 0.26881±0.03544 0.00769 0.01964 0.01379 0.01694 0.01828 0.07900
5 9 1.03942±0.00591 0.61461 0.14518±0.00363 0.12615±0.01321 0.13108±0.09356 0.00560 0.01915 0.05606 0.06886 0.02172 0.05513
5 10 0.95265±0.00435 0.29662 0.27795±0.00695 0.24666±0.00748 0.11259±0.03489 0.00491 0.01414 0.01413 0.01736 0.02219 0.00621
5 11 0.90145±0.00437 -0.49883 0.22005±0.00550 0.18872±0.01099 0.14238±0.05437 0.00534 0.01439 0.03002 0.03687 0.02144 0.00215
5 12 0.68005±0.00437 -0.20174 0.03111±0.00078 0.01325±0.00429 0.57415±0.13822 0.00396 0.02171 0.08588 0.10549 0.01065 0.00000
5 13 0.56291±0.00536 -0.00167 0.00465±0.00012 0.00021±0.00007 0.95418±0.01440 0.00058 0.01221 0.00475 0.00584 0.00115 0.01170
6 8 1.58688±0.03329 0.00756 0.01346±0.00034 0.00863±0.00064 0.35907±0.05030 0.01624 0.04326 0.00743 0.00913 0.01602 0.04678
6 9 1.16430±0.00962 0.11546 0.06865±0.00172 0.04792±0.00278 0.30198±0.04404 0.00680 0.01856 0.02227 0.02736 0.01745 0.07627
6 10 1.01856±0.00515 0.75169 0.20808±0.00520 0.18450±0.01617 0.11331±0.08082 0.00516 0.01654 0.04783 0.05876 0.02217 0.03140
6 11 0.96687±0.00390 0.14192 0.37923±0.00948 0.33577±0.00593 0.11459±0.02710 0.00438 0.01278 0.00496 0.00609 0.02214 0.00674
6 12 0.89328±0.00450 -0.65575 0.19768±0.00494 0.16410±0.01411 0.16986±0.07433 0.00547 0.01493 0.04393 0.05396 0.02075 0.00000
6 13 0.68710±0.00441 -0.17800 0.03089±0.00077 0.01181±0.00380 0.61784±0.12329 0.00356 0.02221 0.07629 0.09371 0.00955 0.00000
6 14 0.53211±0.00443 -0.00754 0.00671±0.00017 0.00066±0.00023 0.90156±0.03378 0.00112 0.02405 0.01488 0.01827 0.00246 0.00000
7 9 2.54537±0.21449 -0.00356 0.00726±0.00018 0.00272±0.00059 0.62502±0.08213 0.04122 0.06966 0.00649 0.00797 0.00937 0.52396
7 10 1.15813±0.01181 0.11307 0.04664±0.00117 0.03234±0.00265 0.30673±0.05943 0.00815 0.02409 0.03210 0.03943 0.01733 0.06248
7 11 1.00622±0.00479 0.78628 0.26464±0.00662 0.23748±0.01708 0.10263±0.06834 0.00499 0.01609 0.03934 0.04833 0.02243 0.03434
7 12 0.95945±0.00422 0.06028 0.33478±0.00837 0.29756±0.00491 0.11117±0.02663 0.00481 0.01334 0.00238 0.00293 0.02222 0.00792
7 13 0.90535±0.00469 -0.63222 0.19276±0.00482 0.16095±0.01363 0.16503±0.07373 0.00567 0.01539 0.04343 0.05335 0.02087 0.00358
7 14 0.72533±0.00484 -0.26125 0.04008±0.00100 0.01806±0.00554 0.54948±0.13876 0.00437 0.02054 0.08630 0.10602 0.01126 0.00141
7 15 0.52182±0.00469 -0.00813 0.00821±0.00021 0.00060±0.00021 0.92747±0.02507 0.00090 0.01388 0.01312 0.01611 0.00181 0.01027
8 10 2.21787±0.33625 -0.00284 0.00543±0.00014 0.00144±0.00053 0.73567±0.09752 0.05315 0.08076 0.00691 0.00849 0.00661 0.89944
8 11 1.58078±0.02691 0.09528 0.03690±0.00092 0.02683±0.00266 0.27271±0.07435 0.01388 0.04550 0.03419 0.04200 0.01818 0.15730
8 12 1.13421±0.00636 0.37640 0.23830±0.00596 0.21555±0.00914 0.09548±0.04454 0.00606 0.01838 0.02092 0.02569 0.02261 0.03640
8 13 0.97974±0.00428 0.05820 0.36424±0.00911 0.32308±0.00546 0.11300±0.02676 0.00477 0.01380 0.00212 0.00260 0.02217 0.00449
8 14 0.90554±0.00405 -0.47300 0.29631±0.00741 0.24809±0.01069 0.16274±0.04172 0.00476 0.01261 0.02114 0.02596 0.02093 0.00149
8 15 0.82234±0.00486 -0.46528 0.09127±0.00228 0.05821±0.00995 0.36221±0.11014 0.00517 0.02046 0.06750 0.08292 0.01594 0.00180
8 16 0.64256±0.00537 -0.00671 0.00849±0.00021 0.00086±0.00020 0.89881±0.02398 0.00113 0.01710 0.01047 0.01286 0.00253 0.00231
9 11 3.12667±0.48483 0.00002 0.00613±0.00015 0.00065±0.00028 0.89413±0.04608 0.02026 0.04130 0.00004 0.00005 0.00265 0.82308
9 12 2.73525±0.32637 -0.00070 0.00745±0.00019 0.00086±0.00032 0.88401±0.04367 0.01774 0.03975 0.00124 0.00152 0.00290 0.73137
9 13 2.19583±0.20654 -0.00448 0.01091±0.00027 0.00189±0.00047 0.82648±0.04287 0.02192 0.03555 0.00544 0.00668 0.00434 0.80485
9 14 1.53382±0.01879 0.06565 0.09840±0.00246 0.07637±0.00314 0.22391±0.03733 0.01150 0.02626 0.00883 0.01085 0.01940 0.27320
9 15 1.06252±0.00494 -0.43409 0.36979±0.00924 0.31241±0.01058 0.15518±0.03556 0.00497 0.01369 0.01554 0.01909 0.02112 0.04236
9 16 0.94631±0.00392 -0.98764 0.33533±0.00838 0.24578±0.02117 0.26705±0.06572 0.00399 0.01233 0.03900 0.04791 0.01832 0.01348
Table F.11: Pass 3 Target LH2, Energy 362, Octant 3, sbfil= 1.02200 ± 0.00500, r= -0.21696.
192
CED FPD # m Ymeastot Y
sim






1 3 1.50363±0.01734 0.02415 0.08092±0.00202 0.05948±0.00280 0.26494±0.03920 0.01689 0.02888 0.00395 0.00800 0.01838 0.22996
1 4 1.44115±0.01422 0.02364 0.07163±0.00179 0.05290±0.00253 0.26147±0.03988 0.01449 0.03069 0.00437 0.00885 0.01846 0.16995
1 5 1.13406±0.00755 0.15829 0.08657±0.00216 0.06640±0.00526 0.23302±0.06372 0.00865 0.02505 0.02421 0.04903 0.01917 0.07112
1 6 0.98174±0.00511 0.49230 0.18928±0.00473 0.17001±0.01552 0.10184±0.08500 0.00783 0.02468 0.03444 0.06974 0.02245 0.03800
1 7 0.88906±0.00421 -0.00483 0.19785±0.00495 0.17664±0.00514 0.10722±0.03424 0.00880 0.02441 0.00032 0.00065 0.02232 0.00934
1 8 0.67694±0.00465 -0.15379 0.07048±0.00176 0.06160±0.00531 0.12605±0.07846 0.01391 0.03504 0.02889 0.05851 0.02185 0.00671
1 9 0.52445±0.00813 -0.14134 0.00882±0.00022 0.00660±0.00435 0.25197±0.49300 0.04262 0.10603 0.21218 0.42967 0.01870 0.02048
2 4 1.38884±0.02046 0.02545 0.04800±0.00120 0.03615±0.00225 0.24701±0.05056 0.02152 0.03857 0.00702 0.01422 0.01882 0.19833
2 5 1.32212±0.01386 0.02275 0.05814±0.00145 0.04123±0.00229 0.29075±0.04322 0.01469 0.03465 0.00518 0.01049 0.01773 0.20938
2 6 1.16240±0.00886 0.16873 0.07723±0.00193 0.05902±0.00548 0.23574±0.07346 0.00936 0.02597 0.02893 0.05859 0.01911 0.11846
2 7 1.07575±0.00577 0.34946 0.19283±0.00482 0.17587±0.01199 0.08795±0.06622 0.00868 0.02919 0.02400 0.04860 0.02280 0.01038
2 8 0.94780±0.00526 0.00161 0.15340±0.00384 0.13612±0.00471 0.11265±0.03790 0.01023 0.02898 0.00014 0.00028 0.02218 0.00197
2 9 0.80029±0.00520 -0.34595 0.08444±0.00211 0.07067±0.01085 0.16306±0.13023 0.01432 0.03612 0.05425 0.10986 0.02092 0.00000
2 10 0.55866±0.00547 -0.09344 0.00653±0.00016 0.00309±0.00285 0.52698±0.43567 0.02073 0.07955 0.18936 0.38347 0.01183 0.01967
3 5 1.31591±0.01714 0.01643 0.04931±0.00123 0.03599±0.00203 0.27015±0.04498 0.01895 0.03510 0.00441 0.00893 0.01825 0.14554
3 6 1.38516±0.01239 0.00867 0.07212±0.00180 0.05154±0.00228 0.28538±0.03627 0.01307 0.02850 0.00159 0.00322 0.01787 0.11071
3 7 1.15902±0.00731 0.34723 0.11917±0.00298 0.09868±0.01086 0.17191±0.09349 0.00783 0.02564 0.03858 0.07813 0.02070 0.08825
3 8 1.04280±0.00561 0.27908 0.21602±0.00540 0.18827±0.01025 0.12847±0.05223 0.00872 0.02615 0.01711 0.03464 0.02179 0.01636
3 9 0.95892±0.00464 -0.09168 0.21494±0.00537 0.18994±0.00643 0.11630±0.03720 0.00917 0.02548 0.00565 0.01144 0.02209 0.00000
3 10 0.78813±0.00492 -0.48505 0.07490±0.00187 0.05935±0.01487 0.20757±0.19948 0.01479 0.04092 0.08575 0.17365 0.01981 0.00382
3 11 0.51758±0.00490 -0.04381 0.00538±0.00013 0.00101±0.00135 0.81197±0.25084 0.00936 0.05847 0.10791 0.21852 0.00470 0.00393
4 6 1.13718±0.01675 0.01125 0.03673±0.00092 0.02564±0.00159 0.30191±0.04665 0.02065 0.03689 0.00406 0.00822 0.01745 0.24455
4 7 1.22953±0.01016 0.05437 0.08495±0.00212 0.06189±0.00283 0.27140±0.03800 0.01159 0.02473 0.00848 0.01716 0.01821 0.16574
4 8 1.05355±0.00677 0.37614 0.12427±0.00311 0.10235±0.01182 0.17640±0.09729 0.00809 0.02798 0.04008 0.08116 0.02059 0.06417
4 9 0.98031±0.00441 0.44885 0.29525±0.00738 0.25599±0.01501 0.13299±0.05527 0.00716 0.02162 0.02013 0.04076 0.02168 0.01605
4 10 0.91065±0.00402 -0.03481 0.26167±0.00654 0.22144±0.00586 0.15373±0.03080 0.00784 0.02059 0.00176 0.00357 0.02116 0.01033
4 11 0.75586±0.00419 -0.53780 0.07673±0.00192 0.05010±0.01633 0.34712±0.21349 0.01170 0.03518 0.09281 0.18794 0.01632 0.00434
4 12 0.50223±0.00428 -0.01409 0.00534±0.00013 0.00041±0.00046 0.92377±0.08662 0.00295 0.03566 0.03492 0.07071 0.00191 0.00000
5 7 1.18270±0.01893 0.01623 0.02255±0.00056 0.01526±0.00122 0.32334±0.05660 0.02058 0.04506 0.00953 0.01931 0.01692 0.19433
5 8 1.24031±0.01120 0.04127 0.06150±0.00154 0.04444±0.00240 0.27728±0.04303 0.01249 0.03108 0.00889 0.01799 0.01807 0.08303
5 9 1.09713±0.00652 0.40423 0.13728±0.00343 0.11789±0.01276 0.14119±0.09543 0.00789 0.02879 0.03899 0.07896 0.02147 0.02525
5 10 1.00949±0.00476 0.25953 0.28698±0.00717 0.25401±0.01067 0.11489±0.04326 0.00806 0.02419 0.01198 0.02425 0.02213 0.01583
5 11 0.91927±0.00438 -0.31251 0.23356±0.00584 0.20270±0.01129 0.13213±0.05300 0.00942 0.02545 0.01772 0.03588 0.02170 0.00444
5 12 0.68438±0.00414 -0.33831 0.03494±0.00087 0.01774±0.01025 0.49231±0.29369 0.01207 0.04573 0.12822 0.25964 0.01269 0.00165
5 13 0.48490±0.00366 -0.00629 0.00436±0.00011 0.00022±0.00022 0.94848±0.05137 0.00156 0.02785 0.01909 0.03866 0.00129 0.00000
6 8 1.35958±0.03146 0.00385 0.01149±0.00029 0.00717±0.00085 0.37584±0.07570 0.02852 0.06763 0.00444 0.00899 0.01560 0.22654
6 9 1.17768±0.01040 0.04589 0.06584±0.00165 0.04571±0.00238 0.30572±0.04008 0.01172 0.02708 0.00923 0.01869 0.01736 0.12749
6 10 1.08283±0.00569 0.62096 0.20101±0.00503 0.17648±0.01925 0.12206±0.09825 0.00710 0.02422 0.04090 0.08283 0.02195 0.03644
6 11 1.00164±0.00410 0.20360 0.38245±0.00956 0.34362±0.01055 0.10151±0.03558 0.00734 0.02131 0.00705 0.01428 0.02246 0.01011
6 12 0.90827±0.00445 -0.48724 0.21318±0.00533 0.18079±0.01576 0.15192±0.07691 0.01008 0.02629 0.03026 0.06129 0.02120 0.00258
6 13 0.66818±0.00399 -0.31104 0.03325±0.00083 0.01535±0.00946 0.53817±0.28464 0.01103 0.04992 0.12388 0.25086 0.01155 0.00000
6 14 0.47793±0.00383 -0.01172 0.00635±0.00016 0.00070±0.00048 0.88902±0.07607 0.00285 0.05220 0.02444 0.04949 0.00277 0.00565
7 9 2.08338±0.17973 -0.00327 0.00510±0.00013 0.00242±0.00105 0.52635±0.20586 0.10129 0.17779 0.00849 0.01719 0.01184 0.50692
7 10 1.22078±0.01348 0.02370 0.04617±0.00115 0.03153±0.00246 0.31720±0.05605 0.01469 0.04898 0.00680 0.01377 0.01707 0.06935
7 11 1.06081±0.00526 0.72785 0.25615±0.00640 0.22945±0.02273 0.10426±0.09154 0.00711 0.02461 0.03763 0.07619 0.02239 0.03218
7 12 0.99451±0.00443 0.21789 0.33991±0.00850 0.30546±0.01049 0.10134±0.03817 0.00792 0.02285 0.00849 0.01719 0.02247 0.00345
7 13 0.89064±0.00453 -0.40386 0.19846±0.00496 0.17098±0.01346 0.13846±0.07116 0.01042 0.02807 0.02695 0.05457 0.02154 0.00000
7 14 0.65595±0.00416 -0.40382 0.03892±0.00097 0.02160±0.01225 0.44512±0.31511 0.01344 0.05136 0.13739 0.27822 0.01387 0.00177
7 15 0.45495±0.00344 -0.01571 0.00799±0.00020 0.00065±0.00054 0.91915±0.06733 0.00223 0.03264 0.02604 0.05274 0.00202 0.00560
8 10 1.71329±0.24181 0.00046 0.00440±0.00011 0.00118±0.00075 0.73123±0.17100 0.07528 0.15336 0.00138 0.00279 0.00672 0.88072
8 11 1.26778±0.02312 0.03265 0.02782±0.00070 0.01913±0.00250 0.31228±0.09141 0.02222 0.07959 0.01554 0.03147 0.01719 0.16171
8 12 1.01281±0.00586 0.56584 0.20940±0.00524 0.18091±0.01791 0.13607±0.08820 0.00815 0.02677 0.03578 0.07246 0.02160 0.04060
8 13 0.90901±0.00401 0.28739 0.34893±0.00872 0.29650±0.01162 0.15027±0.03950 0.00733 0.02118 0.01091 0.02209 0.02124 0.00219
8 14 0.80340±0.00358 -0.48778 0.28919±0.00723 0.23000±0.01609 0.20466±0.05908 0.00822 0.02197 0.02233 0.04523 0.01988 0.00204
8 15 0.73846±0.00412 -0.61274 0.09650±0.00241 0.06212±0.01867 0.35633±0.19411 0.01117 0.03518 0.08408 0.17026 0.01609 0.00136
8 16 0.51832±0.00397 -0.01104 0.00780±0.00020 0.00080±0.00040 0.89707±0.05189 0.00244 0.02983 0.01873 0.03793 0.00257 0.00000
9 11 2.41458±0.35775 -0.00197 0.00454±0.00011 0.00054±0.00052 0.88022±0.11400 0.05894 0.09668 0.00575 0.01164 0.00299 0.78906
9 12 2.44870±0.28481 -0.00495 0.00662±0.00017 0.00091±0.00080 0.86208±0.12139 0.06360 0.10088 0.00991 0.02007 0.00345 0.73120
9 13 2.18208±0.20247 -0.00595 0.01026±0.00026 0.00216±0.00101 0.78923±0.09832 0.05733 0.07780 0.00768 0.01556 0.00527 0.79458
9 14 1.34912±0.01726 0.00386 0.08396±0.00210 0.06565±0.00474 0.21803±0.05979 0.02068 0.05256 0.00061 0.00123 0.01955 0.30999
9 15 1.06722±0.00487 -0.14716 0.37103±0.00928 0.32292±0.00992 0.12967±0.03448 0.00853 0.02240 0.00525 0.01064 0.02176 0.06018
9 16 0.89653±0.00357 -0.84206 0.32991±0.00825 0.25446±0.02634 0.22871±0.08213 0.00768 0.02210 0.03380 0.06844 0.01928 0.01470
Table F.12: Pass 3 Target LH2, Energy 362, Octant 4, sbfil= 1.03200 ± 0.00500, r= -0.88217.
193
CED FPD # m Ymeastot Y
sim






1 3 1.43065±0.01724 0.02371 0.07506±0.00188 0.05494±0.00170 0.26801±0.02908 0.01124 0.01839 0.00418 0.00536 0.01830 0.22996
1 4 1.56488±0.01711 0.02322 0.07343±0.00184 0.05567±0.00175 0.24185±0.03041 0.01056 0.02019 0.00419 0.00536 0.01895 0.16995
1 5 1.28337±0.00925 0.15543 0.08534±0.00213 0.06542±0.00372 0.23342±0.04761 0.00668 0.01786 0.02412 0.03089 0.01916 0.07112
1 6 1.06383±0.00574 0.48340 0.17536±0.00438 0.15915±0.01091 0.09242±0.06625 0.00590 0.01793 0.03650 0.04675 0.02269 0.03800
1 7 1.00094±0.00477 -0.00474 0.22220±0.00556 0.19910±0.00359 0.10398±0.02763 0.00552 0.01520 0.00028 0.00036 0.02240 0.00934
1 8 0.97876±0.00653 -0.15101 0.10642±0.00266 0.09627±0.00403 0.09539±0.04407 0.00804 0.02084 0.01879 0.02406 0.02262 0.00671
1 9 1.17789±0.01701 -0.13879 0.02323±0.00058 0.02279±0.00329 0.01906±0.14393 0.02102 0.05615 0.07910 0.10131 0.02452 0.02048
2 4 1.14142±0.01647 0.02499 0.03841±0.00096 0.02832±0.00120 0.26287±0.03635 0.01344 0.02460 0.00861 0.01103 0.01843 0.19833
2 5 1.45656±0.01666 0.02234 0.05883±0.00147 0.04384±0.00159 0.25474±0.03287 0.01083 0.02343 0.00503 0.00644 0.01863 0.20938
2 6 1.19093±0.00925 0.16568 0.06904±0.00173 0.05085±0.00382 0.26342±0.05825 0.00679 0.01849 0.03178 0.04070 0.01841 0.11846
2 7 1.10065±0.00620 0.34315 0.17297±0.00432 0.16153±0.00828 0.06617±0.05326 0.00646 0.02068 0.02627 0.03364 0.02335 0.01038
2 8 1.03468±0.00581 0.00158 0.16622±0.00416 0.14852±0.00320 0.10648±0.02949 0.00648 0.01813 0.00013 0.00016 0.02234 0.00197
2 9 0.96877±0.00617 -0.33970 0.11771±0.00294 0.10159±0.00771 0.13692±0.06898 0.00757 0.01948 0.03821 0.04894 0.02158 0.00000
2 10 0.96645±0.01032 -0.09175 0.01642±0.00041 0.00967±0.00206 0.41104±0.12618 0.00967 0.03401 0.07399 0.09476 0.01472 0.01967
3 5 0.74121±0.00959 0.01613 0.02782±0.00070 0.01969±0.00077 0.29235±0.03284 0.01167 0.02176 0.00768 0.00983 0.01769 0.14554
3 6 1.06745±0.00958 0.00851 0.05401±0.00135 0.03927±0.00110 0.27281±0.02728 0.00838 0.01821 0.00209 0.00267 0.01818 0.11071
3 7 0.87262±0.00568 0.34095 0.07743±0.00194 0.05979±0.00749 0.22777±0.09861 0.00582 0.01845 0.05831 0.07467 0.01931 0.08825
3 8 0.78885±0.00440 0.27404 0.15328±0.00383 0.13188±0.00653 0.13964±0.04773 0.00598 0.01731 0.02367 0.03032 0.02151 0.01636
3 9 0.77506±0.00378 -0.09003 0.18020±0.00451 0.15692±0.00351 0.12919±0.02920 0.00553 0.01525 0.00662 0.00847 0.02177 0.00000
3 10 0.71437±0.00425 -0.47628 0.08816±0.00220 0.07039±0.01041 0.20162±0.11974 0.00675 0.01957 0.07153 0.09161 0.01996 0.00382
3 11 0.60288±0.00495 -0.04302 0.00927±0.00023 0.00244±0.00095 0.73669±0.10304 0.00341 0.02452 0.06142 0.07866 0.00658 0.00393
4 6 0.96080±0.01587 0.01105 0.02943±0.00074 0.02115±0.00087 0.28144±0.03466 0.01516 0.02416 0.00497 0.00637 0.01796 0.24455
4 7 1.28101±0.01095 0.05339 0.08212±0.00205 0.06115±0.00190 0.25540±0.02967 0.00803 0.01655 0.00861 0.01102 0.01861 0.16574
4 8 1.16696±0.00760 0.36934 0.11091±0.00277 0.09236±0.00833 0.16730±0.07792 0.00632 0.02157 0.04409 0.05647 0.02082 0.06417
4 9 1.06150±0.00491 0.44074 0.28522±0.00713 0.25438±0.01051 0.10814±0.04307 0.00512 0.01505 0.02046 0.02620 0.02230 0.01605
4 10 1.00399±0.00439 -0.03418 0.28248±0.00706 0.24581±0.00401 0.12982±0.02598 0.00493 0.01306 0.00160 0.00205 0.02175 0.01033
4 11 0.90045±0.00482 -0.52808 0.11089±0.00277 0.08286±0.01155 0.25273±0.10585 0.00578 0.01801 0.06306 0.08076 0.01868 0.00434
4 12 0.67725±0.00521 -0.01383 0.00863±0.00022 0.00101±0.00034 0.88336±0.03929 0.00138 0.01850 0.02124 0.02720 0.00292 0.00000
5 7 0.84406±0.01582 0.01594 0.01553±0.00039 0.01023±0.00062 0.34119±0.04289 0.01550 0.02899 0.01359 0.01740 0.01647 0.19433
5 8 1.13647±0.00991 0.04052 0.05411±0.00135 0.03848±0.00146 0.28883±0.03226 0.00781 0.02010 0.00992 0.01270 0.01778 0.08303
5 9 1.12706±0.00699 0.39692 0.11772±0.00294 0.09930±0.00893 0.15650±0.07876 0.00612 0.02142 0.04465 0.05718 0.02109 0.02525
5 10 1.00765±0.00496 0.25484 0.27061±0.00677 0.24102±0.00713 0.10933±0.03449 0.00554 0.01590 0.01247 0.01597 0.02227 0.01583
5 11 0.59246±0.00296 -0.30686 0.25761±0.00644 0.13950±0.00708 0.45849±0.03063 0.00359 0.00924 0.01577 0.02020 0.01354 0.00444
5 12 0.81916±0.00516 -0.33219 0.05619±0.00140 0.03450±0.00725 0.38599±0.12999 0.00581 0.02114 0.07829 0.10026 0.01535 0.00165
5 13 0.61632±0.00439 -0.00617 0.00694±0.00017 0.00047±0.00016 0.93213±0.02367 0.00073 0.01381 0.01178 0.01508 0.00170 0.00000
6 8 1.01655±0.02737 0.00378 0.00813±0.00020 0.00517±0.00041 0.36320±0.05291 0.02179 0.04440 0.00616 0.00789 0.01592 0.22654
6 9 1.04915±0.00973 0.04506 0.05463±0.00137 0.03842±0.00145 0.29674±0.03190 0.00821 0.01805 0.01092 0.01399 0.01758 0.12749
6 10 1.10094±0.00595 0.60973 0.16998±0.00425 0.14670±0.01351 0.13698±0.08233 0.00544 0.01809 0.04750 0.06083 0.02158 0.03644
6 11 1.02189±0.00435 0.19992 0.37726±0.00943 0.34061±0.00697 0.09714±0.02917 0.00490 0.01368 0.00702 0.00899 0.02257 0.01011
6 12 0.95111±0.00464 -0.47844 0.24119±0.00603 0.21151±0.01101 0.12307±0.05063 0.00577 0.01511 0.02627 0.03364 0.02192 0.00258
6 13 0.80902±0.00512 -0.30542 0.05357±0.00134 0.03064±0.00670 0.42803±0.12580 0.00545 0.02329 0.07550 0.09669 0.01430 0.00000
6 14 0.65920±0.00574 -0.01151 0.01006±0.00025 0.00134±0.00038 0.86668±0.03761 0.00167 0.02821 0.01514 0.01939 0.00333 0.00565
7 9 2.42627±0.23252 -0.00321 0.00705±0.00018 0.00319±0.00078 0.54711±0.11108 0.05886 0.09301 0.00603 0.00772 0.01132 0.50692
7 10 0.99416±0.01053 0.02327 0.03494±0.00087 0.02455±0.00129 0.29744±0.04091 0.00942 0.03273 0.00882 0.01130 0.01756 0.06935
7 11 1.05292±0.00541 0.71469 0.21925±0.00548 0.19105±0.01590 0.12864±0.07573 0.00530 0.01772 0.04316 0.05528 0.02178 0.03218
7 12 1.02338±0.00463 0.21395 0.34404±0.00860 0.30365±0.00699 0.11739±0.03000 0.00508 0.01443 0.00823 0.01055 0.02207 0.00345
7 13 0.95341±0.00484 -0.39656 0.23095±0.00577 0.20147±0.00940 0.12766±0.04618 0.00594 0.01603 0.02274 0.02912 0.02181 0.00000
7 14 0.81324±0.00524 -0.39652 0.06603±0.00165 0.04250±0.00868 0.35641±0.13241 0.00620 0.02331 0.07952 0.10183 0.01609 0.00177
7 15 0.63262±0.00468 -0.01542 0.01326±0.00033 0.00137±0.00040 0.89639±0.03038 0.00114 0.01698 0.01540 0.01973 0.00259 0.00560
8 10 1.88233±0.25669 0.00045 0.00469±0.00012 0.00126±0.00051 0.73161±0.10893 0.04658 0.09822 0.00127 0.00163 0.00671 0.88072
8 11 1.01256±0.01912 0.03206 0.01968±0.00049 0.01370±0.00134 0.30377±0.07006 0.01614 0.05582 0.02158 0.02763 0.01741 0.16171
8 12 1.02198±0.00615 0.55561 0.17715±0.00443 0.15486±0.01251 0.12580±0.07392 0.00628 0.01983 0.04153 0.05319 0.02186 0.04060
8 13 0.99638±0.00454 0.28220 0.35043±0.00876 0.31128±0.00809 0.11173±0.03203 0.00513 0.01435 0.01066 0.01366 0.02221 0.00219
8 14 0.62452±0.00290 -0.47896 0.34529±0.00863 0.19338±0.01082 0.43996±0.03432 0.00347 0.00888 0.01837 0.02352 0.01400 0.00204
8 15 0.92621±0.00489 -0.60167 0.14194±0.00355 0.10508±0.01324 0.25970±0.09507 0.00560 0.01863 0.05613 0.07188 0.01851 0.00136
8 16 0.78712±0.00568 -0.01084 0.01298±0.00032 0.00164±0.00032 0.87396±0.02491 0.00130 0.01692 0.01106 0.01416 0.00315 0.00000
9 11 2.37308±0.34219 -0.00194 0.00517±0.00013 0.00076±0.00031 0.85326±0.06091 0.03075 0.05183 0.00496 0.00635 0.00367 0.78906
9 12 2.23161±0.23759 -0.00486 0.00651±0.00016 0.00136±0.00045 0.79112±0.06905 0.03346 0.05799 0.00988 0.01266 0.00522 0.73120
9 13 1.93167±0.17466 -0.00585 0.01052±0.00026 0.00247±0.00055 0.76566±0.05305 0.02995 0.04172 0.00736 0.00942 0.00586 0.79458
9 14 1.07616±0.01429 0.00379 0.06642±0.00166 0.05217±0.00236 0.21459±0.04063 0.01344 0.03291 0.00076 0.00097 0.01964 0.30999
9 15 0.91626±0.00414 -0.14450 0.33484±0.00837 0.28370±0.00567 0.15273±0.02711 0.00499 0.01324 0.00571 0.00732 0.02118 0.06018
9 16 0.85218±0.00330 -0.82683 0.35484±0.00887 0.27622±0.01836 0.22155±0.05528 0.00409 0.01213 0.03085 0.03952 0.01946 0.01470
Table F.13: Pass 3 Target LH2, Energy 362, Octant 5, sbfil= 1.05100 ± 0.00500, r= -0.26362.
194
CED FPD # m Ymeastot Y
sim






1 3 1.54004±0.01777 0.02415 0.08265±0.00207 0.06092±0.00287 0.26286±0.03926 0.01694 0.02896 0.00387 0.00784 0.01843 0.22996
1 4 1.46893±0.01449 0.02364 0.07268±0.00182 0.05392±0.00258 0.25810±0.04001 0.01455 0.03083 0.00431 0.00872 0.01855 0.16995
1 5 1.19401±0.00795 0.15829 0.09114±0.00228 0.06991±0.00531 0.23299±0.06138 0.00865 0.02505 0.02300 0.04657 0.01918 0.07112
1 6 0.99975±0.00520 0.49230 0.19126±0.00478 0.17313±0.01555 0.09482±0.08437 0.00789 0.02488 0.03408 0.06902 0.02263 0.03800
1 7 0.88974±0.00421 -0.00483 0.19966±0.00499 0.17677±0.00514 0.11463±0.03395 0.00872 0.02421 0.00032 0.00065 0.02213 0.00934
1 8 0.70889±0.00486 -0.15379 0.07378±0.00184 0.06451±0.00538 0.12567±0.07606 0.01390 0.03505 0.02760 0.05589 0.02186 0.00671
1 9 0.61586±0.00953 -0.14134 0.01037±0.00026 0.00775±0.00439 0.25294±0.42363 0.04246 0.10590 0.18045 0.36543 0.01868 0.02048
2 4 1.36607±0.02013 0.02545 0.04692±0.00117 0.03555±0.00222 0.24230±0.05096 0.02166 0.03881 0.00718 0.01454 0.01894 0.19833
2 5 1.35777±0.01424 0.02275 0.05934±0.00148 0.04235±0.00235 0.28637±0.04341 0.01478 0.03487 0.00508 0.01028 0.01784 0.20938
2 6 1.15102±0.00877 0.16873 0.07589±0.00190 0.05844±0.00547 0.22992±0.07460 0.00943 0.02617 0.02944 0.05962 0.01925 0.11846
2 7 1.05932±0.00568 0.34946 0.18862±0.00472 0.17318±0.01194 0.08185±0.06736 0.00874 0.02939 0.02453 0.04968 0.02295 0.01038
2 8 0.94894±0.00527 0.00161 0.15378±0.00384 0.13629±0.00472 0.11375±0.03785 0.01022 0.02894 0.00014 0.00028 0.02216 0.00197
2 9 0.81551±0.00529 -0.34595 0.08634±0.00216 0.07201±0.01087 0.16596±0.12764 0.01425 0.03600 0.05305 0.10744 0.02085 0.00000
2 10 0.58765±0.00576 -0.09344 0.00717±0.00018 0.00325±0.00285 0.54678±0.39761 0.01988 0.07622 0.17249 0.34930 0.01133 0.01967
3 5 1.27274±0.01658 0.01643 0.04747±0.00119 0.03481±0.00196 0.26674±0.04527 0.01904 0.03527 0.00458 0.00928 0.01833 0.14554
3 6 1.37912±0.01233 0.00867 0.07156±0.00179 0.05131±0.00227 0.28289±0.03640 0.01312 0.02860 0.00160 0.00325 0.01793 0.11071
3 7 1.13266±0.00714 0.34723 0.11534±0.00288 0.09644±0.01084 0.16386±0.09631 0.00791 0.02589 0.03986 0.08072 0.02090 0.08825
3 8 1.03322±0.00556 0.27908 0.21226±0.00531 0.18654±0.01022 0.12117±0.05293 0.00879 0.02637 0.01741 0.03526 0.02197 0.01636
3 9 0.95964±0.00464 -0.09168 0.21523±0.00538 0.19008±0.00644 0.11684±0.03718 0.00916 0.02546 0.00564 0.01142 0.02208 0.00000
3 10 0.80734±0.00502 -0.48505 0.07933±0.00198 0.06080±0.01488 0.23361±0.18860 0.01425 0.03958 0.08096 0.16395 0.01916 0.00382
3 11 0.53859±0.00509 -0.04381 0.00592±0.00015 0.00105±0.00135 0.82232±0.22831 0.00884 0.05525 0.09799 0.19843 0.00444 0.00393
4 6 1.18837±0.01750 0.01125 0.03731±0.00093 0.02680±0.00166 0.28175±0.04791 0.02124 0.03796 0.00399 0.00809 0.01796 0.24455
4 7 1.28500±0.01061 0.05437 0.08667±0.00217 0.06468±0.00292 0.25365±0.03850 0.01186 0.02533 0.00831 0.01682 0.01866 0.16574
4 8 1.10353±0.00709 0.37614 0.12574±0.00314 0.10721±0.01187 0.14737±0.09679 0.00837 0.02897 0.03961 0.08022 0.02132 0.06417
4 9 1.02024±0.00459 0.44885 0.29436±0.00736 0.26641±0.01514 0.09494±0.05618 0.00747 0.02257 0.02019 0.04089 0.02263 0.01605
4 10 0.94739±0.00418 -0.03481 0.26175±0.00654 0.23037±0.00609 0.11987±0.03202 0.00815 0.02142 0.00176 0.00357 0.02200 0.01033
4 11 0.76930±0.00426 -0.53780 0.07554±0.00189 0.05099±0.01634 0.32506±0.21698 0.01208 0.03637 0.09427 0.19090 0.01687 0.00434
4 12 0.51190±0.00435 -0.01409 0.00538±0.00013 0.00042±0.00046 0.92277±0.08638 0.00298 0.03613 0.03471 0.07028 0.00193 0.00000
5 7 1.14233±0.01828 0.01623 0.02169±0.00054 0.01474±0.00118 0.32042±0.05714 0.02067 0.04526 0.00991 0.02007 0.01699 0.19433
5 8 1.22562±0.01106 0.04127 0.06039±0.00151 0.04392±0.00238 0.27278±0.04341 0.01257 0.03127 0.00905 0.01832 0.01818 0.08303
5 9 1.09188±0.00649 0.40423 0.13525±0.00338 0.11733±0.01276 0.13248±0.09679 0.00797 0.02908 0.03958 0.08014 0.02169 0.02525
5 10 1.00063±0.00471 0.25953 0.28204±0.00705 0.25178±0.01062 0.10730±0.04378 0.00813 0.02440 0.01218 0.02468 0.02232 0.01583
5 11 0.89934±0.00428 -0.31251 0.22747±0.00569 0.19830±0.01122 0.12823±0.05391 0.00947 0.02557 0.01819 0.03684 0.02179 0.00444
5 12 0.68290±0.00412 -0.33831 0.03589±0.00090 0.01770±0.01025 0.50684±0.28588 0.01169 0.04442 0.12482 0.25276 0.01233 0.00165
5 13 0.48765±0.00368 -0.00629 0.00438±0.00011 0.00023±0.00022 0.94846±0.05119 0.00156 0.02786 0.01899 0.03846 0.00129 0.00000
6 8 1.35480±0.03134 0.00385 0.01148±0.00029 0.00715±0.00085 0.37735±0.07552 0.02845 0.06746 0.00444 0.00900 0.01557 0.22654
6 9 1.17713±0.01039 0.04589 0.06548±0.00164 0.04569±0.00238 0.30222±0.04028 0.01177 0.02721 0.00928 0.01879 0.01744 0.12749
6 10 1.08661±0.00571 0.62096 0.20200±0.00505 0.17709±0.01926 0.12332±0.09781 0.00709 0.02419 0.04070 0.08243 0.02192 0.03644
6 11 0.98964±0.00405 0.20360 0.37727±0.00943 0.33950±0.01047 0.10011±0.03572 0.00735 0.02134 0.00715 0.01447 0.02250 0.01011
6 12 0.89157±0.00437 -0.48724 0.20990±0.00525 0.17747±0.01572 0.15452±0.07781 0.01006 0.02621 0.03074 0.06224 0.02114 0.00258
6 13 0.65970±0.00394 -0.31104 0.03336±0.00083 0.01516±0.00945 0.54559±0.28354 0.01085 0.04911 0.12345 0.24999 0.01136 0.00000
6 14 0.47951±0.00385 -0.01172 0.00638±0.00016 0.00071±0.00048 0.88921±0.07582 0.00285 0.05211 0.02432 0.04925 0.00277 0.00565
7 9 2.07212±0.17876 -0.00327 0.00513±0.00013 0.00240±0.00104 0.53137±0.20368 0.10022 0.17590 0.00845 0.01711 0.01172 0.50692
7 10 1.20154±0.01326 0.02370 0.04509±0.00113 0.03103±0.00243 0.31175±0.05656 0.01480 0.04937 0.00696 0.01410 0.01721 0.06935
7 11 1.07476±0.00533 0.72785 0.25837±0.00646 0.23246±0.02276 0.10026±0.09092 0.00715 0.02472 0.03730 0.07554 0.02249 0.03218
7 12 0.99234±0.00442 0.21789 0.33729±0.00843 0.30479±0.01048 0.09634±0.03841 0.00796 0.02298 0.00855 0.01732 0.02259 0.00345
7 13 0.90167±0.00459 -0.40386 0.20061±0.00502 0.17310±0.01349 0.13715±0.07063 0.01044 0.02811 0.02666 0.05398 0.02157 0.00000
7 14 0.68864±0.00436 -0.40382 0.04233±0.00106 0.02267±0.01227 0.46434±0.29020 0.01296 0.04958 0.12633 0.25583 0.01339 0.00177
7 15 0.45919±0.00348 -0.01571 0.00809±0.00020 0.00065±0.00054 0.91943±0.06663 0.00223 0.03252 0.02571 0.05207 0.00201 0.00560
8 10 1.91989±0.27123 0.00046 0.00470±0.00012 0.00133±0.00084 0.71797±0.17946 0.07906 0.16092 0.00129 0.00262 0.00705 0.88072
8 11 1.40715±0.02563 0.03265 0.02934±0.00073 0.02124±0.00273 0.27614±0.09487 0.02336 0.08378 0.01474 0.02984 0.01810 0.16171
8 12 1.09818±0.00636 0.56584 0.21305±0.00533 0.19616±0.01807 0.07929±0.08791 0.00868 0.02853 0.03517 0.07122 0.02302 0.04060
8 13 1.00450±0.00443 0.28739 0.35840±0.00896 0.32764±0.01219 0.08582±0.04097 0.00788 0.02278 0.01062 0.02150 0.02285 0.00219
8 14 0.91309±0.00406 -0.48778 0.30447±0.00761 0.26140±0.01650 0.14145±0.05828 0.00886 0.02371 0.02121 0.04296 0.02146 0.00204
8 15 0.78009±0.00434 -0.61274 0.09437±0.00236 0.06562±0.01871 0.30466±0.19900 0.01205 0.03800 0.08598 0.17411 0.01738 0.00136
8 16 0.49645±0.00380 -0.01104 0.00697±0.00017 0.00077±0.00040 0.88956±0.05732 0.00261 0.03201 0.02098 0.04249 0.00276 0.00000
9 11 2.32270±0.34420 -0.00197 0.00437±0.00011 0.00052±0.00050 0.88026±0.11404 0.05893 0.09665 0.00598 0.01210 0.00299 0.78906
9 12 2.41196±0.28057 -0.00495 0.00658±0.00016 0.00090±0.00079 0.86350±0.12021 0.06296 0.09985 0.00996 0.02017 0.00341 0.73120
9 13 2.15894±0.20015 -0.00595 0.01032±0.00026 0.00214±0.00100 0.79257±0.09677 0.05637 0.07656 0.00764 0.01548 0.00519 0.79458
9 14 1.54532±0.01975 0.00386 0.09647±0.00241 0.07520±0.00543 0.22050±0.05959 0.02060 0.05239 0.00053 0.00107 0.01949 0.30999
9 15 1.08077±0.00493 -0.14716 0.37748±0.00944 0.32702±0.01003 0.13367±0.03427 0.00849 0.02230 0.00516 0.01045 0.02166 0.06018
9 16 0.88119±0.00351 -0.84206 0.32522±0.00813 0.25011±0.02630 0.23096±0.08312 0.00767 0.02204 0.03428 0.06943 0.01923 0.01470
Table F.14: Pass 3 Target LH2, Energy 362, Octant 6, sbfil= 1.03200 ± 0.00500, r= -0.88217.
195
CED FPD # m Ymeastot Y
sim






1 3 1.45172±0.01689 0.03839 0.07867±0.00197 0.05839±0.00187 0.25785±0.03014 0.00990 0.01921 0.00646 0.00746 0.01855 0.22518
1 4 1.38016±0.01325 0.02330 0.07009±0.00175 0.05133±0.00137 0.26772±0.02679 0.00809 0.01650 0.00440 0.00508 0.01831 0.16216
1 5 1.07803±0.00695 0.30718 0.08774±0.00219 0.06848±0.00638 0.21954±0.07534 0.00551 0.01590 0.04636 0.05350 0.01951 0.09848
1 6 0.92507±0.00471 0.42171 0.18402±0.00460 0.16883±0.00907 0.08259±0.05438 0.00527 0.01599 0.03034 0.03502 0.02294 0.03279
1 7 0.88186±0.00415 0.06868 0.19939±0.00498 0.17587±0.00316 0.11796±0.02714 0.00480 0.01338 0.00456 0.00526 0.02205 0.01106
1 8 0.78508±0.00549 -0.30540 0.07802±0.00195 0.06758±0.00637 0.13372±0.08442 0.00731 0.01843 0.05183 0.05982 0.02166 0.00000
1 9 0.86586±0.01363 -0.09894 0.01379±0.00034 0.00879±0.00207 0.36208±0.15135 0.01294 0.03770 0.09504 0.10969 0.01595 0.00000
2 4 1.28995±0.01911 0.00183 0.04431±0.00111 0.03390±0.00120 0.23497±0.03311 0.01313 0.02361 0.00055 0.00063 0.01913 0.18994
2 5 1.28324±0.01246 0.04825 0.05719±0.00143 0.04100±0.00145 0.28307±0.03099 0.00793 0.01688 0.01117 0.01289 0.01792 0.09113
2 6 1.04748±0.00752 0.30360 0.07344±0.00184 0.05845±0.00632 0.20415±0.08837 0.00621 0.01968 0.05474 0.06317 0.01990 0.04290
2 7 0.99329±0.00513 0.24632 0.18445±0.00461 0.16836±0.00589 0.08719±0.03924 0.00537 0.01615 0.01768 0.02041 0.02282 0.02510
2 8 0.92881±0.00515 -0.04176 0.15026±0.00376 0.13296±0.00267 0.11509±0.02837 0.00570 0.01585 0.00368 0.00425 0.02212 0.00034
2 9 0.84702±0.00563 -0.38609 0.08630±0.00216 0.06837±0.00798 0.20780±0.09460 0.00644 0.01824 0.05924 0.06837 0.01981 0.00402
2 10 0.71641±0.00761 -0.04540 0.00872±0.00022 0.00298±0.00098 0.65816±0.11320 0.00474 0.04033 0.06896 0.07959 0.00855 0.00000
3 5 1.18460±0.01575 0.00655 0.04450±0.00111 0.03267±0.00103 0.26586±0.02950 0.01128 0.01993 0.00195 0.00225 0.01835 0.19210
3 6 1.27398±0.01100 0.04963 0.06777±0.00169 0.04823±0.00159 0.28837±0.02947 0.00701 0.01684 0.00970 0.01119 0.01779 0.07908
3 7 1.03590±0.00631 0.49983 0.11300±0.00283 0.09742±0.01037 0.13787±0.09424 0.00572 0.01961 0.05857 0.06760 0.02155 0.02789
3 8 0.95452±0.00500 0.40422 0.20300±0.00507 0.17919±0.00879 0.11729±0.04862 0.00522 0.01511 0.02637 0.03043 0.02207 0.01139
3 9 0.92810±0.00447 -0.11378 0.20775±0.00519 0.18185±0.00373 0.12470±0.02832 0.00492 0.01327 0.00725 0.00837 0.02188 0.00514
3 10 0.84566±0.00537 -0.42863 0.07962±0.00199 0.05578±0.00879 0.29937±0.11178 0.00554 0.01750 0.07128 0.08227 0.01752 0.00119
3 11 0.68851±0.00730 -0.01224 0.00718±0.00018 0.00097±0.00033 0.86450±0.04676 0.00183 0.03138 0.02256 0.02604 0.00339 0.00781
4 6 1.10565±0.01605 0.00193 0.03479±0.00087 0.02507±0.00085 0.27935±0.03044 0.01211 0.02131 0.00073 0.00085 0.01802 0.22097
4 7 1.18641±0.00947 0.04715 0.08232±0.00206 0.06095±0.00191 0.25961±0.02969 0.00678 0.01894 0.00758 0.00875 0.01851 0.10133
4 8 1.00613±0.00622 0.56240 0.12269±0.00307 0.10769±0.01166 0.12227±0.09753 0.00591 0.02012 0.06070 0.07005 0.02194 0.01319
4 9 0.97127±0.00428 0.25683 0.28965±0.00724 0.26047±0.00651 0.10075±0.03180 0.00454 0.01280 0.01174 0.01355 0.02248 0.01414
4 10 0.95189±0.00430 -0.26957 0.26024±0.00651 0.22822±0.00651 0.12305±0.03327 0.00465 0.01288 0.01372 0.01583 0.02192 0.00060
4 11 0.86727±0.00499 -0.42725 0.08257±0.00206 0.04897±0.00875 0.40687±0.10704 0.00430 0.01646 0.06852 0.07908 0.01483 0.00277
4 12 0.65274±0.00669 -0.00210 0.00599±0.00015 0.00043±0.00013 0.92828±0.02129 0.00088 0.01998 0.00465 0.00536 0.00179 0.01539
5 7 1.17623±0.01800 0.01189 0.02271±0.00057 0.01551±0.00071 0.31698±0.03550 0.01199 0.02670 0.00693 0.00800 0.01708 0.08907
5 8 1.17259±0.01037 0.06351 0.05944±0.00149 0.04331±0.00175 0.27123±0.03457 0.00733 0.01852 0.01415 0.01633 0.01822 0.07900
5 9 1.03378±0.00598 0.61341 0.13900±0.00348 0.12218±0.01269 0.12106±0.09393 0.00554 0.01865 0.05843 0.06744 0.02197 0.05513
5 10 0.96057±0.00441 0.29604 0.27879±0.00697 0.24723±0.00717 0.11318±0.03394 0.00466 0.01333 0.01406 0.01623 0.02217 0.00621
5 11 0.92048±0.00443 -0.49785 0.22860±0.00571 0.19508±0.01057 0.14662±0.05094 0.00489 0.01327 0.02884 0.03328 0.02133 0.00215
5 12 0.73489±0.00464 -0.20134 0.03640±0.00091 0.01508±0.00413 0.58573±0.11393 0.00337 0.01880 0.07324 0.08452 0.01036 0.00000
5 13 0.52597±0.00499 -0.00167 0.00494±0.00012 0.00020±0.00006 0.95882±0.01220 0.00048 0.01006 0.00446 0.00515 0.00103 0.01170
6 8 1.39905±0.02947 0.00754 0.01185±0.00030 0.00755±0.00054 0.36314±0.04797 0.01530 0.04060 0.00842 0.00972 0.01592 0.04678
6 9 1.11604±0.00933 0.11523 0.06461±0.00162 0.04526±0.00263 0.29946±0.04432 0.00657 0.01772 0.02362 0.02726 0.01751 0.07627
6 10 1.01492±0.00521 0.75022 0.20009±0.00500 0.17990±0.01554 0.10090±0.08086 0.00509 0.01607 0.04965 0.05730 0.02248 0.03140
6 11 0.96386±0.00390 0.14164 0.37554±0.00939 0.33402±0.00558 0.11056±0.02675 0.00416 0.01207 0.00499 0.00576 0.02224 0.00674
6 12 0.91714±0.00457 -0.65447 0.20737±0.00518 0.17159±0.01357 0.17254±0.06865 0.00497 0.01370 0.04179 0.04823 0.02069 0.00000
6 13 0.60065±0.00387 -0.17765 0.03489±0.00087 0.01087±0.00364 0.68834±0.10453 0.00259 0.01612 0.06742 0.07781 0.00779 0.00000
6 14 0.54464±0.00445 -0.00753 0.00674±0.00017 0.00070±0.00022 0.89653±0.03233 0.00105 0.02298 0.01478 0.01706 0.00259 0.00000
7 9 2.56279±0.21732 -0.00355 0.00741±0.00019 0.00279±0.00056 0.62371±0.07621 0.03837 0.06444 0.00635 0.00732 0.00941 0.52396
7 10 1.15386±0.01193 0.11285 0.04539±0.00113 0.03154±0.00254 0.30500±0.05855 0.00794 0.02313 0.03292 0.03800 0.01737 0.06248
7 11 0.98636±0.00476 0.78475 0.25241±0.00631 0.22878±0.01639 0.09362±0.06878 0.00487 0.01551 0.04117 0.04751 0.02266 0.03434
7 12 0.93813±0.00413 0.06016 0.32521±0.00813 0.29066±0.00452 0.10626±0.02632 0.00455 0.01259 0.00245 0.00283 0.02234 0.00792
7 13 0.74145±0.00397 -0.63098 0.19289±0.00482 0.13424±0.01299 0.30407±0.06955 0.00449 0.01181 0.04331 0.04999 0.01740 0.00358
7 14 0.73613±0.00480 -0.26074 0.04295±0.00107 0.01932±0.00533 0.55013±0.12467 0.00379 0.01824 0.08039 0.09278 0.01125 0.00141
7 15 0.52837±0.00463 -0.00811 0.00824±0.00021 0.00062±0.00020 0.92412±0.02395 0.00083 0.01314 0.01304 0.01506 0.00190 0.01027
8 10 2.18542±0.32876 -0.00283 0.00535±0.00013 0.00145±0.00049 0.72939±0.09142 0.04950 0.07581 0.00701 0.00809 0.00677 0.89944
8 11 1.45538±0.02515 0.09510 0.03309±0.00083 0.02399±0.00245 0.27505±0.07621 0.01356 0.04380 0.03805 0.04392 0.01812 0.15730
8 12 1.08043±0.00612 0.37567 0.22211±0.00555 0.20322±0.00864 0.08501±0.04514 0.00587 0.01762 0.02240 0.02585 0.02287 0.03640
8 13 0.81277±0.00370 0.05808 0.35871±0.00897 0.26778±0.00432 0.25351±0.02221 0.00394 0.01090 0.00214 0.00247 0.01866 0.00449
8 14 0.85093±0.00379 -0.47207 0.30231±0.00756 0.23521±0.01017 0.22196±0.03887 0.00409 0.01089 0.02068 0.02386 0.01945 0.00149
8 15 0.87295±0.00507 -0.46437 0.10128±0.00253 0.06390±0.00958 0.36913±0.09593 0.00456 0.01836 0.06071 0.07007 0.01577 0.00180
8 16 0.69538±0.00569 -0.00670 0.00910±0.00023 0.00095±0.00020 0.89520±0.02217 0.00105 0.01619 0.00974 0.01125 0.00262 0.00231
9 11 3.84852±0.59735 0.00002 0.00804±0.00020 0.00080±0.00033 0.90072±0.04055 0.01784 0.03633 0.00003 0.00003 0.00248 0.82308
9 12 2.70449±0.32316 -0.00070 0.00819±0.00020 0.00086±0.00030 0.89448±0.03685 0.01498 0.03353 0.00112 0.00130 0.00264 0.73137
9 13 1.75793±0.17097 -0.00447 0.01153±0.00029 0.00156±0.00036 0.86502±0.03115 0.01610 0.02526 0.00514 0.00593 0.00337 0.80485
9 14 1.30818±0.01610 0.06552 0.08415±0.00210 0.06469±0.00262 0.23123±0.03656 0.01080 0.02456 0.01031 0.01190 0.01922 0.27320
9 15 0.99489±0.00461 -0.43325 0.35079±0.00877 0.29475±0.00995 0.15975±0.03530 0.00459 0.01267 0.01635 0.01887 0.02101 0.04236
9 16 0.93436±0.00383 -0.98571 0.34200±0.00855 0.24745±0.02033 0.27647±0.06214 0.00358 0.01119 0.03816 0.04405 0.01809 0.01348
Table F.15: Pass 3 Target LH2, Energy 362, Octant 7, sbfil= 1.02400 ± 0.00500, r= -0.14948.
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1 3 1.46779±0.01581 0.03932 0.08359±0.00209 0.06262±0.00345 0.25090±0.04531 0.01659 0.03478 0.00623 0.01336 0.01873 0.22518
1 4 1.27287±0.01162 0.02385 0.06957±0.00174 0.04922±0.00236 0.29249±0.03826 0.01360 0.02916 0.00454 0.00974 0.01769 0.16216
1 5 1.03000±0.00617 0.31455 0.10763±0.00269 0.08554±0.01021 0.20525±0.09691 0.00759 0.02356 0.03870 0.08298 0.01987 0.09848
1 6 0.87903±0.00437 0.43183 0.20545±0.00514 0.18399±0.01464 0.10448±0.07468 0.00833 0.02589 0.02783 0.05968 0.02239 0.03279
1 7 0.71077±0.00343 0.07033 0.15986±0.00400 0.14485±0.00488 0.09391±0.03802 0.00940 0.02558 0.00583 0.01249 0.02265 0.01106
1 8 0.45102±0.00340 -0.31273 0.03997±0.00100 0.03007±0.00995 0.24767±0.24952 0.01683 0.03931 0.10359 0.22214 0.01881 0.00000
1 9 0.58557±0.01219 -0.10132 0.00392±0.00010 0.00226±0.00326 0.42262±0.83073 0.07738 0.17047 0.34202 0.73340 0.01443 0.00000
2 4 1.49344±0.01903 0.00187 0.05285±0.00132 0.03942±0.00255 0.25417±0.05180 0.02085 0.04359 0.00047 0.00100 0.01865 0.18994
2 5 1.30597±0.01296 0.04940 0.06046±0.00151 0.04573±0.00259 0.24363±0.04679 0.01484 0.03092 0.01082 0.02320 0.01891 0.09113
2 6 1.08513±0.00715 0.31088 0.09577±0.00239 0.08149±0.01018 0.14913±0.10841 0.00862 0.02974 0.04298 0.09217 0.02127 0.04290
2 7 0.97295±0.00498 0.25223 0.20153±0.00504 0.18015±0.00983 0.10610±0.05365 0.00909 0.02754 0.01657 0.03554 0.02235 0.02510
2 8 0.86354±0.00490 -0.04276 0.13853±0.00346 0.12133±0.00468 0.12418±0.04028 0.01121 0.03040 0.00409 0.00876 0.02190 0.00034
2 9 0.67853±0.00468 -0.39536 0.05674±0.00142 0.03812±0.01265 0.32814±0.22354 0.01550 0.04229 0.09227 0.19786 0.01680 0.00402
2 10 0.45599±0.00613 -0.04649 0.00342±0.00009 0.00058±0.00152 0.83024±0.44390 0.01850 0.12442 0.17992 0.38579 0.00424 0.00000
3 5 1.46545±0.01664 0.00671 0.05861±0.00147 0.04102±0.00233 0.30015±0.04340 0.01722 0.03561 0.00152 0.00325 0.01750 0.19210
3 6 1.28250±0.01028 0.05082 0.07294±0.00182 0.05260±0.00283 0.27889±0.04282 0.01159 0.02997 0.00923 0.01978 0.01803 0.07908
3 7 1.06218±0.00595 0.51183 0.14804±0.00370 0.13364±0.01665 0.09729±0.11470 0.00783 0.02920 0.04578 0.09816 0.02257 0.02789
3 8 0.96729±0.00502 0.41392 0.22069±0.00552 0.20644±0.01440 0.06457±0.06930 0.00918 0.02679 0.02484 0.05325 0.02339 0.01139
3 9 0.90421±0.00454 -0.11651 0.19381±0.00485 0.17063±0.00658 0.11961±0.04048 0.01019 0.02637 0.00796 0.01707 0.02201 0.00514
3 10 0.75214±0.00505 -0.43891 0.04881±0.00122 0.02912±0.01397 0.40328±0.28670 0.01616 0.04831 0.11908 0.25534 0.01492 0.00119
3 11 0.51037±0.00431 -0.01253 0.00351±0.00009 0.00032±0.00051 0.90754±0.14407 0.00421 0.09060 0.04730 0.10143 0.00231 0.00781
4 6 1.64888±0.02365 0.00197 0.05359±0.00134 0.03759±0.00241 0.29861±0.04832 0.02205 0.03924 0.00049 0.00105 0.01753 0.22097
4 7 1.21902±0.00893 0.04829 0.09097±0.00227 0.06628±0.00355 0.27138±0.04303 0.01100 0.03350 0.00703 0.01507 0.01822 0.10133
4 8 1.05414±0.00607 0.57590 0.16468±0.00412 0.15051±0.01875 0.08601±0.11613 0.00818 0.02988 0.04631 0.09930 0.02285 0.01319
4 9 0.99314±0.00431 0.26299 0.31206±0.00780 0.28254±0.01124 0.09459±0.04253 0.00809 0.02311 0.01116 0.02393 0.02264 0.01414
4 10 0.91748±0.00426 -0.27604 0.23224±0.00581 0.20425±0.01085 0.12053±0.05164 0.00981 0.02646 0.01574 0.03375 0.02199 0.00060
4 11 0.69457±0.00395 -0.43751 0.04487±0.00112 0.02036±0.01387 0.54628±0.30937 0.01191 0.04614 0.12911 0.27684 0.01134 0.00277
4 12 0.50693±0.00461 -0.00215 0.00372±0.00009 0.00027±0.00019 0.92853±0.05092 0.00186 0.04752 0.00766 0.01643 0.00179 0.01539
5 7 1.30479±0.03154 0.01217 0.03667±0.00092 0.01819±0.00161 0.50396±0.04573 0.02475 0.03489 0.00440 0.00943 0.01240 0.08907
5 8 0.69256±0.00732 0.06503 0.06693±0.00167 0.02838±0.00245 0.57598±0.03817 0.00873 0.01848 0.01287 0.02759 0.01060 0.07900
5 9 0.62075±0.00460 0.62813 0.17547±0.00439 0.09756±0.01993 0.44397±0.11444 0.00643 0.01688 0.04740 0.10164 0.01390 0.05513
5 10 0.60111±0.00399 0.30315 0.28072±0.00702 0.16603±0.01071 0.40857±0.04093 0.00796 0.01576 0.01430 0.03066 0.01479 0.00621
5 11 0.53112±0.00407 -0.50980 0.18315±0.00458 0.09576±0.01643 0.47717±0.09066 0.01066 0.01818 0.03686 0.07903 0.01307 0.00215
5 12 0.26881±0.00275 -0.20618 0.01767±0.00044 0.00208±0.00648 0.88247±0.36671 0.00783 0.02695 0.15453 0.33136 0.00294 0.00000
5 13 0.22855±0.00178 -0.00170 0.00305±0.00008 0.00006±0.00007 0.97893±0.02212 0.00052 0.01348 0.00740 0.01588 0.00053 0.01170
6 8 2.45474±0.05225 0.00772 0.02140±0.00053 0.01442±0.00174 0.32591±0.08287 0.02859 0.07508 0.00478 0.01025 0.01685 0.04678
6 9 1.29238±0.00973 0.11800 0.08451±0.00211 0.06188±0.00455 0.26776±0.05691 0.00996 0.02985 0.01849 0.03965 0.01831 0.07627
6 10 1.04619±0.00502 0.76823 0.25515±0.00638 0.23532±0.02495 0.07768±0.10047 0.00732 0.02471 0.03987 0.08549 0.02306 0.03140
6 11 0.97010±0.00398 0.14504 0.37910±0.00948 0.34491±0.01025 0.09017±0.03534 0.00799 0.02289 0.00507 0.01086 0.02275 0.00674
6 12 0.88138±0.00469 -0.67018 0.16475±0.00412 0.12824±0.02172 0.22163±0.13328 0.01222 0.03153 0.05386 0.11550 0.01946 0.00000
6 13 0.62644±0.00394 -0.18191 0.01837±0.00046 0.00427±0.00581 0.76766±0.31635 0.00954 0.06077 0.13113 0.28118 0.00581 0.00000
6 14 0.48084±0.00397 -0.00771 0.00494±0.00012 0.00039±0.00036 0.92191±0.07192 0.00242 0.05267 0.02065 0.04429 0.00195 0.00000
7 9 4.11672±0.36626 -0.00364 0.00883±0.00022 0.00355±0.00173 0.59782±0.19563 0.10329 0.16533 0.00545 0.01170 0.01005 0.52396
7 10 1.49759±0.01381 0.11556 0.06867±0.00172 0.05168±0.00452 0.24741±0.06849 0.01155 0.03775 0.02228 0.04778 0.01881 0.06248
7 11 1.03387±0.00481 0.80358 0.31545±0.00789 0.29136±0.02646 0.07635±0.08701 0.00749 0.02475 0.03373 0.07233 0.02309 0.03434
7 12 0.95176±0.00429 0.06160 0.33044±0.00826 0.29852±0.00864 0.09660±0.03456 0.00884 0.02392 0.00247 0.00529 0.02258 0.00792
7 13 0.86993±0.00490 -0.64612 0.15511±0.00388 0.12261±0.02097 0.20952±0.13664 0.01312 0.03279 0.05516 0.11828 0.01976 0.00358
7 14 0.60460±0.00382 -0.26699 0.02320±0.00058 0.00585±0.00846 0.74792±0.36453 0.01061 0.05276 0.15236 0.32670 0.00630 0.00141
7 15 0.40492±0.00298 -0.00831 0.00595±0.00015 0.00027±0.00030 0.95463±0.05115 0.00141 0.02649 0.01848 0.03962 0.00113 0.01027
8 10 2.32322±0.32703 -0.00290 0.00531±0.00013 0.00112±0.00097 0.78882±0.18199 0.09443 0.15454 0.00723 0.01551 0.00528 0.89944
8 11 2.10764±0.03228 0.09738 0.05217±0.00130 0.04748±0.00514 0.08987±0.10119 0.02100 0.07655 0.02472 0.05300 0.02275 0.15730
8 12 1.23318±0.00679 0.38468 0.28297±0.00707 0.26140±0.01500 0.07621±0.05783 0.00973 0.03003 0.01800 0.03860 0.02309 0.03640
8 13 0.88299±0.00389 0.05948 0.27966±0.00699 0.29417±0.00876 -0.05190±0.04090 0.01009 0.02889 0.00282 0.00604 0.02630 0.00449
8 14 0.87093±0.00414 -0.48340 0.25125±0.00628 0.21461±0.01665 0.14582±0.06961 0.01025 0.02552 0.02548 0.05463 0.02135 0.00149
8 15 0.72514±0.00481 -0.47552 0.06161±0.00154 0.03167±0.01521 0.48590±0.24716 0.01352 0.04769 0.10219 0.21914 0.01285 0.00180
8 16 0.65038±0.00541 -0.00686 0.00624±0.00016 0.00062±0.00034 0.90133±0.05449 0.00277 0.04204 0.01456 0.03123 0.00247 0.00231
9 11 2.80919±0.45592 0.00002 0.00465±0.00012 0.00059±0.00046 0.87412±0.09804 0.04477 0.08717 0.00005 0.00011 0.00315 0.82308
9 12 2.76628±0.32032 -0.00071 0.00683±0.00017 0.00076±0.00058 0.88855±0.08531 0.03386 0.07819 0.00138 0.00296 0.00279 0.73137
9 13 2.53296±0.24596 -0.00458 0.01056±0.00026 0.00152±0.00096 0.85580±0.09073 0.04813 0.07561 0.00575 0.01232 0.00360 0.80485
9 14 1.71043±0.02072 0.06709 0.10982±0.00275 0.09170±0.00598 0.16496±0.05834 0.02026 0.04681 0.00809 0.01735 0.02088 0.27320
9 15 1.23182±0.00706 -0.44364 0.39538±0.00988 0.33103±0.01802 0.16276±0.05015 0.01186 0.02647 0.01486 0.03186 0.02093 0.04236
9 16 1.09937±0.00483 -1.00936 0.32500±0.00812 0.22227±0.03289 0.31609±0.10265 0.00905 0.02636 0.04112 0.08818 0.01710 0.01348
Table F.16: Pass 3 Target LH2, Energy 362, Octant 8, sbfil= 1.00000 ± 0.00500, r= -0.97707.
197
CED FPD # m Ymeastot Y
sim






1 3 0.23256±0.00912 0.05085 0.02781±0.00070 0.00833±0.00299 0.70068±0.10769 0.02358 0.10480 0.00084 0.00161 0.00748 0.78783
1 4 0.19138±0.00717 0.03428 0.01544±0.00039 0.00448±0.00087 0.71017±0.05673 0.02184 0.05181 0.00091 0.00175 0.00725 0.74383
1 5 0.20749±0.00522 -0.01973 0.01004±0.00025 0.00497±0.00059 0.50496±0.06024 0.02301 0.02865 0.02126 0.04091 0.01238 0.61331
1 6 0.21341±0.00520 -0.05509 0.00922±0.00023 0.00691±0.00167 0.25054±0.18236 0.02883 0.04765 0.07960 0.15319 0.01874 0.55524
1 7 0.22074±0.00414 -0.01669 0.01067±0.00027 0.00950±0.00101 0.11008±0.09704 0.03144 0.06452 0.02832 0.05450 0.02225 0.11211
1 8 0.19325±0.00433 -0.00294 0.00439±0.00011 0.00429±0.00074 0.02201±0.17063 0.04890 0.11107 0.05415 0.10420 0.02445 0.04788
1 9 0.25748±0.01080 -0.00025 0.00118±0.00003 0.00137±0.00054 -0.15592±0.45702 0.13488 0.21667 0.17430 0.33542 0.02890 0.00023
2 4 0.23353±0.01083 0.01763 0.01834±0.00046 0.00478±0.00202 0.73927±0.11030 0.02757 0.10172 0.01470 0.02828 0.00652 0.80677
2 5 0.21987±0.00910 0.06593 0.01470±0.00037 0.00447±0.00095 0.69600±0.06486 0.02644 0.05752 0.00549 0.01056 0.00760 0.74888
2 6 0.23525±0.00639 -0.02428 0.00929±0.00023 0.00469±0.00045 0.49561±0.04973 0.02694 0.03747 0.00627 0.01206 0.01261 0.63494
2 7 0.25470±0.00561 -0.05015 0.00987±0.00025 0.00745±0.00161 0.24587±0.16438 0.02570 0.04251 0.07173 0.13803 0.01885 0.50709
2 8 0.27568±0.00548 -0.00745 0.00933±0.00023 0.00842±0.00095 0.09760±0.10425 0.03262 0.06168 0.03416 0.06575 0.02256 0.10056
2 9 0.24757±0.00561 -0.00097 0.00751±0.00019 0.00673±0.00110 0.10337±0.14829 0.04662 0.08520 0.05063 0.09742 0.02242 0.02427
2 10 0.18396±0.00627 -0.00002 0.00163±0.00004 0.00141±0.00115 0.13491±0.70756 0.09845 0.14904 0.31553 0.60721 0.02163 0.11051
3 5 0.24820±0.01058 0.02118 0.02131±0.00053 0.00568±0.00189 0.73350±0.08889 0.02359 0.08520 0.00297 0.00571 0.00666 0.77501
3 6 0.27904±0.01011 0.06498 0.01953±0.00049 0.00696±0.00113 0.64341±0.05878 0.02445 0.04945 0.00841 0.01619 0.00891 0.70298
3 7 0.26883±0.00622 -0.03078 0.01326±0.00033 0.00734±0.00119 0.44696±0.09040 0.02138 0.03302 0.03699 0.07118 0.01383 0.61661
3 8 0.29525±0.00646 -0.03781 0.01203±0.00030 0.00929±0.00155 0.22773±0.12990 0.02752 0.05145 0.05277 0.10155 0.01931 0.31915
3 9 0.31859±0.00642 -0.00875 0.01527±0.00038 0.01423±0.00145 0.06804±0.09776 0.03637 0.08321 0.01277 0.02457 0.02330 0.17863
3 10 0.29833±0.00697 -0.00074 0.00971±0.00024 0.00910±0.00193 0.06279±0.20028 0.05470 0.09512 0.07650 0.14721 0.02343 0.04942
3 11 0.26137±0.00763 0.00002 0.00271±0.00007 0.00176±0.00163 0.35118±0.60135 0.07836 0.13329 0.26786 0.51546 0.01622 0.00370
4 6 0.28566±0.01362 0.02062 0.01922±0.00048 0.00445±0.00142 0.76845±0.07426 0.02451 0.06755 0.00821 0.01579 0.00579 0.82220
4 7 0.30709±0.01009 -0.00577 0.02623±0.00066 0.00929±0.00121 0.64559±0.04715 0.02299 0.03974 0.00280 0.00540 0.00886 0.72321
4 8 0.31496±0.00758 -0.05592 0.01477±0.00037 0.00868±0.00107 0.41276±0.07381 0.02465 0.03630 0.02652 0.05103 0.01468 0.51156
4 9 0.32601±0.00633 -0.06331 0.01914±0.00048 0.01556±0.00250 0.18693±0.13224 0.02522 0.05103 0.05423 0.10437 0.02033 0.35091
4 10 0.35025±0.00645 -0.00960 0.02046±0.00051 0.01911±0.00165 0.06608±0.08418 0.03450 0.07300 0.00217 0.00417 0.02335 0.05035
4 11 0.36415±0.00783 -0.00137 0.01359±0.00034 0.01269±0.00294 0.06615±0.21787 0.05332 0.10905 0.08273 0.15919 0.02335 0.02265
4 12 0.32932±0.00851 0.00016 0.00267±0.00007 0.00203±0.00138 0.23956±0.51863 0.07636 0.18935 0.21966 0.42270 0.01901 0.01686
5 7 0.36425±0.02226 0.01529 0.01247±0.00031 0.00322±0.00080 0.74157±0.06415 0.03444 0.05229 0.00572 0.01101 0.00646 0.73515
5 8 0.34643±0.01198 0.02008 0.02026±0.00051 0.00703±0.00096 0.65288±0.04822 0.02581 0.03714 0.00659 0.01269 0.00868 0.69703
5 9 0.35294±0.00767 -0.06128 0.01719±0.00043 0.01040±0.00128 0.39482±0.07581 0.02236 0.03576 0.02820 0.05427 0.01513 0.63344
5 10 0.37471±0.00724 -0.04727 0.02007±0.00050 0.01684±0.00270 0.16098±0.13598 0.02479 0.05029 0.05630 0.10834 0.02098 0.32634
5 11 0.40936±0.00778 -0.00622 0.02275±0.00057 0.02093±0.00189 0.07998±0.08616 0.03599 0.07426 0.00424 0.00816 0.02300 0.11600
5 12 0.40880±0.01067 -0.00043 0.01007±0.00025 0.00912±0.00289 0.09428±0.28791 0.07191 0.12062 0.11543 0.22212 0.02264 0.24125
5 13 0.40634±0.01186 0.00000 0.00225±0.00006 0.00179±0.00100 0.20558±0.44605 0.09037 0.15936 0.18730 0.36045 0.01986 0.00540
6 8 0.49085±0.03235 0.00230 0.00635±0.00016 0.00148±0.00042 0.76729±0.06594 0.03076 0.05803 0.00041 0.00079 0.00582 0.70170
6 9 0.35836±0.01095 0.00295 0.02245±0.00056 0.00722±0.00073 0.67845±0.03366 0.01863 0.02372 0.00580 0.01117 0.00804 0.71362
6 10 0.38802±0.00734 -0.08729 0.02193±0.00055 0.01435±0.00147 0.34542±0.06891 0.02177 0.03988 0.02267 0.04362 0.01636 0.46368
6 11 0.41732±0.00741 -0.04804 0.03153±0.00079 0.02714±0.00303 0.13910±0.09842 0.02569 0.04957 0.03603 0.06934 0.02152 0.32097
6 12 0.44506±0.00865 -0.00321 0.02452±0.00061 0.02477±0.00243 -0.01005±0.10210 0.04121 0.08782 0.00895 0.01723 0.02525 0.07567
6 13 0.46179±0.01105 -0.00029 0.01167±0.00029 0.01119±0.00233 0.04077±0.20092 0.06184 0.11006 0.07122 0.13705 0.02398 0.06726
6 14 0.43281±0.01450 0.00009 0.00335±0.00008 0.00259±0.00156 0.22780±0.46563 0.10357 0.22960 0.18036 0.34708 0.01930 0.01429
7 9 1.17718±0.18035 0.00029 0.00476±0.00012 0.00031±0.00063 0.93483±0.13188 0.05370 0.11867 0.00949 0.01825 0.00163 0.86884
7 10 0.52412±0.02286 -0.00804 0.01495±0.00037 0.00596±0.00079 0.60138±0.05381 0.03323 0.04005 0.00431 0.00830 0.00997 0.57057
7 11 0.44272±0.00924 -0.09038 0.02776±0.00069 0.01900±0.00220 0.31547±0.08100 0.02334 0.03604 0.03067 0.05902 0.01711 0.48483
7 12 0.45544±0.00823 -0.03455 0.03096±0.00077 0.02982±0.00377 0.03703±0.12422 0.02788 0.06615 0.04541 0.08739 0.02407 0.26572
7 13 0.49890±0.01019 -0.00248 0.02607±0.00065 0.02672±0.00239 -0.02522±0.09538 0.04004 0.07882 0.01153 0.02219 0.02563 0.02182
7 14 0.49269±0.01145 -0.00058 0.01529±0.00038 0.01430±0.00320 0.06451±0.21047 0.06102 0.11306 0.07611 0.14647 0.02339 0.03877
7 15 0.49436±0.01311 -0.00010 0.00460±0.00012 0.00347±0.00160 0.24610±0.34735 0.07639 0.14890 0.14008 0.26957 0.01885 0.00910
8 10 0.72289±0.15078 -0.00006 0.00743±0.00019 0.00011±0.00016 0.98459±0.02175 0.00925 0.01958 0.00093 0.00179 0.00039 0.95475
8 11 0.87814±0.08144 -0.00325 0.01024±0.00026 0.00387±0.00116 0.62185±0.11391 0.07120 0.08841 0.00017 0.00034 0.00945 0.45829
8 12 0.54712±0.01139 -0.06087 0.02211±0.00055 0.01499±0.00158 0.32172±0.07326 0.02336 0.04461 0.02325 0.04475 0.01696 0.47618
8 13 0.46913±0.00821 -0.05727 0.03360±0.00084 0.02709±0.00244 0.19386±0.07549 0.02578 0.05708 0.01706 0.03283 0.02015 0.26865
8 14 0.47248±0.00911 -0.00880 0.03657±0.00091 0.03450±0.00288 0.05658±0.08221 0.03743 0.06887 0.00350 0.00674 0.02359 0.15480
8 15 0.47305±0.01012 -0.00141 0.02279±0.00057 0.02263±0.00467 0.00703±0.20639 0.05711 0.12185 0.07124 0.13710 0.02482 0.00858
8 16 0.48865±0.01489 -0.00002 0.00347±0.00009 0.00262±0.00133 0.24547±0.38277 0.08909 0.19496 0.14597 0.28089 0.01886 0.00000
9 11 0.75273±0.18216 -0.00003 0.00571±0.00014 0.00010±0.00007 0.98161±0.01283 0.00979 0.00826 0.00022 0.00043 0.00046 0.95284
9 12 0.72121±0.12936 0.00028 0.00860±0.00021 0.00021±0.00014 0.97556±0.01676 0.01257 0.01061 0.00146 0.00281 0.00061 0.95188
9 13 0.58170±0.09194 -0.00004 0.01069±0.00027 0.00025±0.00018 0.97657±0.01670 0.01022 0.01278 0.00152 0.00292 0.00059 0.95435
9 14 0.59254±0.06234 -0.00728 0.02049±0.00051 0.00616±0.00148 0.69941±0.07278 0.04829 0.04620 0.01283 0.02469 0.00751 0.90087
9 15 0.54158±0.01919 -0.01214 0.05054±0.00126 0.03882±0.00397 0.23183±0.08081 0.05181 0.05596 0.00858 0.01650 0.01920 0.67011
9 16 0.47914±0.01069 -0.00373 0.05615±0.00140 0.04679±0.00563 0.16662±0.10246 0.04380 0.06349 0.02958 0.05691 0.02083 0.28977
Table F.17: Pass 3 Target LD2, Energy 687, Octant 1, sbfil= 1.00800 ± 0.00500, r= -0.77019
198
CED FPD # m Ymeastot Y
sim






1 3 0.33042±0.01278 0.05065 0.04237±0.00106 0.01182±0.00405 0.72100±0.09589 0.02073 0.09336 0.00055 0.00101 0.00697 0.78783
1 4 0.30384±0.01138 0.03414 0.02398±0.00060 0.00710±0.00132 0.70390±0.05540 0.02130 0.05059 0.00058 0.00108 0.00740 0.74383
1 5 0.35266±0.00888 -0.01965 0.01580±0.00039 0.00839±0.00075 0.46906±0.04912 0.02376 0.02956 0.01346 0.02484 0.01327 0.61331
1 6 0.34041±0.00830 -0.05488 0.01414±0.00035 0.01083±0.00172 0.23413±0.12336 0.02866 0.04736 0.05172 0.09546 0.01915 0.55524
1 7 0.30627±0.00572 -0.01663 0.01485±0.00037 0.01311±0.00120 0.11762±0.08344 0.02982 0.06145 0.02027 0.03741 0.02206 0.11211
1 8 0.23823±0.00532 -0.00292 0.00564±0.00014 0.00533±0.00080 0.05399±0.14376 0.04463 0.10177 0.04196 0.07744 0.02365 0.04788
1 9 0.31281±0.01316 -0.00025 0.00140±0.00004 0.00171±0.00056 -0.22092±0.39743 0.13243 0.21210 0.14645 0.27028 0.03052 0.00023
2 4 0.35100±0.01609 0.01757 0.02881±0.00072 0.00726±0.00283 0.74788±0.09844 0.02492 0.09299 0.00932 0.01720 0.00630 0.80677
2 5 0.33232±0.01365 0.06567 0.02169±0.00054 0.00678±0.00135 0.68764±0.06283 0.02566 0.05628 0.00370 0.00684 0.00781 0.74888
2 6 0.36954±0.01005 -0.02418 0.01346±0.00034 0.00734±0.00065 0.45415±0.05056 0.02794 0.03882 0.00431 0.00795 0.01365 0.63494
2 7 0.37107±0.00820 -0.04995 0.01358±0.00034 0.01064±0.00163 0.21628±0.12170 0.02611 0.04302 0.05196 0.09589 0.01959 0.50709
2 8 0.35763±0.00707 -0.00742 0.01221±0.00031 0.01084±0.00105 0.11236±0.08852 0.03074 0.05844 0.02602 0.04802 0.02219 0.10056
2 9 0.30484±0.00686 -0.00097 0.00969±0.00024 0.00838±0.00117 0.13477±0.12254 0.04224 0.07768 0.03909 0.07214 0.02163 0.02427
2 10 0.23288±0.00786 -0.00002 0.00222±0.00006 0.00188±0.00113 0.15538±0.50868 0.08624 0.13199 0.23018 0.42481 0.02112 0.11051
3 5 0.32967±0.01392 0.02110 0.02945±0.00074 0.00756±0.00239 0.74327±0.08150 0.02145 0.07823 0.00214 0.00395 0.00642 0.77501
3 6 0.37770±0.01357 0.06472 0.02587±0.00065 0.00938±0.00143 0.63753±0.05611 0.02367 0.04827 0.00633 0.01168 0.00906 0.70298
3 7 0.37159±0.00863 -0.03066 0.01698±0.00042 0.01000±0.00124 0.41146±0.07424 0.02211 0.03405 0.02877 0.05310 0.01471 0.61661
3 8 0.39744±0.00872 -0.03766 0.01529±0.00038 0.01231±0.00161 0.19496±0.10693 0.02791 0.05206 0.04136 0.07634 0.02013 0.31915
3 9 0.38823±0.00778 -0.00871 0.01898±0.00047 0.01728±0.00166 0.08938±0.09057 0.03390 0.07794 0.01023 0.01889 0.02277 0.17863
3 10 0.37181±0.00860 -0.00073 0.01286±0.00032 0.01156±0.00200 0.10119±0.15736 0.04869 0.08550 0.05752 0.10616 0.02247 0.04942
3 11 0.29022±0.00832 0.00002 0.00314±0.00008 0.00212±0.00158 0.32369±0.50484 0.07055 0.12229 0.23077 0.42590 0.01691 0.00370
4 6 0.35746±0.01697 0.02054 0.02475±0.00062 0.00561±0.00168 0.77322±0.06822 0.02266 0.06270 0.00635 0.01171 0.00567 0.82220
4 7 0.38013±0.01241 -0.00575 0.03195±0.00080 0.01148±0.00143 0.64062±0.04564 0.02218 0.03856 0.00229 0.00423 0.00898 0.72321
4 8 0.41988±0.01011 -0.05570 0.01824±0.00046 0.01144±0.00116 0.37293±0.06566 0.02542 0.03745 0.02140 0.03949 0.01568 0.51156
4 9 0.41314±0.00802 -0.06306 0.02334±0.00058 0.01938±0.00254 0.16970±0.11075 0.02502 0.05065 0.04429 0.08174 0.02076 0.35091
4 10 0.42682±0.00779 -0.00956 0.02580±0.00064 0.02327±0.00192 0.09817±0.07784 0.03158 0.06738 0.00171 0.00316 0.02255 0.05035
4 11 0.39859±0.00848 -0.00136 0.01607±0.00040 0.01424±0.00291 0.11387±0.18256 0.04658 0.09639 0.06966 0.12855 0.02215 0.02265
4 12 0.33823±0.00857 0.00015 0.00289±0.00007 0.00224±0.00134 0.22450±0.46290 0.06780 0.17156 0.20205 0.37289 0.01939 0.01686
5 7 0.41922±0.02552 0.01523 0.01403±0.00035 0.00373±0.00087 0.73381±0.06241 0.03354 0.05112 0.00507 0.00935 0.00665 0.73515
5 8 0.41474±0.01427 0.02000 0.02309±0.00058 0.00846±0.00108 0.63358±0.04777 0.02577 0.03725 0.00576 0.01063 0.00916 0.69703
5 9 0.41438±0.00902 -0.06104 0.01875±0.00047 0.01205±0.00130 0.35707±0.07115 0.02302 0.03677 0.02575 0.04752 0.01607 0.63344
5 10 0.44042±0.00848 -0.04708 0.02304±0.00058 0.01940±0.00268 0.15817±0.11813 0.02417 0.04918 0.04884 0.09013 0.02105 0.32634
5 11 0.42187±0.00794 -0.00620 0.02467±0.00062 0.02161±0.00186 0.12426±0.07837 0.03239 0.06742 0.00389 0.00719 0.02189 0.11600
5 12 0.38591±0.00994 -0.00043 0.01016±0.00025 0.00896±0.00274 0.11776±0.27079 0.06343 0.10779 0.11394 0.21028 0.02206 0.24125
5 13 0.35738±0.01013 0.00000 0.00202±0.00005 0.00169±0.00095 0.16112±0.46967 0.08234 0.14943 0.20823 0.38429 0.02097 0.00540
6 8 0.49637±0.03286 0.00229 0.00617±0.00015 0.00149±0.00040 0.75811±0.06560 0.03070 0.05766 0.00042 0.00077 0.00605 0.70170
6 9 0.38393±0.01171 0.00294 0.02299±0.00057 0.00770±0.00074 0.66525±0.03344 0.01858 0.02371 0.00565 0.01042 0.00837 0.71362
6 10 0.44318±0.00840 -0.08695 0.02345±0.00059 0.01622±0.00150 0.30827±0.06645 0.02227 0.04069 0.02111 0.03897 0.01729 0.46368
6 11 0.42723±0.00756 -0.04785 0.03232±0.00081 0.02740±0.00293 0.15203±0.09319 0.02441 0.04729 0.03501 0.06462 0.02120 0.32097
6 12 0.42171±0.00812 -0.00320 0.02453±0.00061 0.02354±0.00220 0.04017±0.09277 0.03694 0.07947 0.00892 0.01646 0.02400 0.07567
6 13 0.40441±0.00957 -0.00029 0.01092±0.00027 0.01007±0.00213 0.07846±0.19616 0.05465 0.09834 0.07576 0.13983 0.02304 0.06726
6 14 0.36748±0.01198 0.00009 0.00296±0.00007 0.00238±0.00144 0.19833±0.48550 0.09249 0.21084 0.20341 0.37540 0.02004 0.01429
7 9 0.85577±0.13516 0.00029 0.00346±0.00009 0.00026±0.00044 0.92603±0.12800 0.05286 0.11332 0.01299 0.02398 0.00185 0.86884
7 10 0.52085±0.02258 -0.00800 0.01465±0.00037 0.00590±0.00075 0.59745±0.05212 0.03201 0.03881 0.00439 0.00810 0.01006 0.57057
7 11 0.45433±0.00952 -0.09002 0.02692±0.00067 0.01919±0.00213 0.28695±0.08111 0.02369 0.03644 0.03150 0.05814 0.01783 0.48483
7 12 0.44239±0.00797 -0.03442 0.03024±0.00076 0.02847±0.00359 0.05857±0.12103 0.02640 0.06284 0.04631 0.08547 0.02354 0.26572
7 13 0.44644±0.00904 -0.00247 0.02430±0.00061 0.02381±0.00206 0.02031±0.08841 0.03639 0.07227 0.01232 0.02274 0.02449 0.02182
7 14 0.42114±0.00971 -0.00057 0.01370±0.00034 0.01261±0.00291 0.07949±0.21379 0.05514 0.10301 0.08459 0.15611 0.02301 0.03877
7 15 0.40018±0.01037 -0.00010 0.00391±0.00010 0.00301±0.00147 0.22950±0.37709 0.06792 0.13552 0.16423 0.30310 0.01926 0.00910
8 10 0.69505±0.14587 -0.00006 0.00718±0.00018 0.00011±0.00015 0.98414±0.02071 0.00885 0.01862 0.00096 0.00177 0.00040 0.95475
8 11 0.81438±0.07528 -0.00323 0.00931±0.00023 0.00359±0.00103 0.61421±0.11087 0.06914 0.08614 0.00019 0.00035 0.00964 0.45829
8 12 0.56858±0.01190 -0.06063 0.02167±0.00054 0.01535±0.00154 0.29176±0.07333 0.02378 0.04516 0.02362 0.04360 0.01771 0.47618
8 13 0.47321±0.00828 -0.05704 0.03367±0.00084 0.02711±0.00236 0.19497±0.07279 0.02479 0.05488 0.01696 0.03130 0.02013 0.26865
8 14 0.44572±0.00855 -0.00877 0.03551±0.00089 0.03259±0.00259 0.08235±0.07654 0.03452 0.06390 0.00359 0.00662 0.02294 0.15480
8 15 0.43881±0.00930 -0.00140 0.02240±0.00056 0.02155±0.00434 0.03774±0.19547 0.05097 0.10985 0.07220 0.13324 0.02406 0.00858
8 16 0.46763±0.01389 -0.00002 0.00344±0.00009 0.00269±0.00126 0.21707±0.36595 0.08005 0.17981 0.14668 0.27070 0.01957 0.00000
9 11 0.50086±0.12161 -0.00003 0.00384±0.00010 0.00007±0.00005 0.98167±0.01216 0.00929 0.00780 0.00033 0.00061 0.00046 0.95284
9 12 0.59897±0.10845 0.00028 0.00692±0.00017 0.00018±0.00012 0.97391±0.01676 0.01251 0.01046 0.00181 0.00334 0.00065 0.95188
9 13 0.49170±0.07844 -0.00004 0.00883±0.00022 0.00022±0.00015 0.97532±0.01651 0.01008 0.01248 0.00183 0.00338 0.00062 0.95435
9 14 0.45745±0.04814 -0.00725 0.01567±0.00039 0.00466±0.00115 0.70275±0.07372 0.04656 0.04453 0.01670 0.03082 0.00743 0.90087
9 15 0.45843±0.01617 -0.01209 0.04372±0.00109 0.03270±0.00324 0.25196±0.07642 0.04821 0.05231 0.00987 0.01822 0.01870 0.67011
9 16 0.40104±0.00891 -0.00371 0.04838±0.00121 0.03969±0.00490 0.17962±0.10333 0.04046 0.05891 0.03419 0.06309 0.02051 0.28977
Table F.18: Pass 3 Target LD2, Energy 687, Octant 2, sbfil= 1.01200 ± 0.00500, r= -0.67426
199
CED FPD # m Ymeastot Y
sim






1 3 0.22719±0.00894 0.05015 0.02795±0.00070 0.00812±0.00247 0.70958±0.08869 0.01946 0.08621 0.00082 0.00136 0.00726 0.78783
1 4 0.19290±0.00703 0.03381 0.01619±0.00040 0.00450±0.00074 0.72177±0.04613 0.01728 0.04217 0.00086 0.00141 0.00696 0.74383
1 5 0.21896±0.00553 -0.01946 0.01062±0.00027 0.00512±0.00052 0.51809±0.05075 0.01950 0.02420 0.01983 0.03274 0.01205 0.61331
1 6 0.20915±0.00516 -0.05434 0.00867±0.00022 0.00635±0.00146 0.26715±0.16960 0.02574 0.04204 0.08352 0.13793 0.01832 0.55524
1 7 0.22941±0.00431 -0.01647 0.01106±0.00028 0.00968±0.00089 0.12481±0.08307 0.02677 0.05475 0.02695 0.04450 0.02188 0.11211
1 8 0.21062±0.00470 -0.00289 0.00495±0.00012 0.00481±0.00067 0.02856±0.13688 0.03978 0.09072 0.04729 0.07809 0.02429 0.04788
1 9 0.26693±0.01035 -0.00025 0.00138±0.00003 0.00157±0.00047 -0.13855±0.34283 0.09402 0.16326 0.14763 0.24379 0.02846 0.00023
2 4 0.22791±0.01051 0.01739 0.01850±0.00046 0.00484±0.00168 0.73858±0.09088 0.02245 0.08332 0.01437 0.02374 0.00654 0.80677
2 5 0.22758±0.00912 0.06503 0.01583±0.00040 0.00468±0.00083 0.70472±0.05263 0.02080 0.04678 0.00502 0.00830 0.00738 0.74888
2 6 0.23228±0.00638 -0.02395 0.00904±0.00023 0.00459±0.00038 0.49224±0.04351 0.02337 0.03218 0.00635 0.01049 0.01269 0.63494
2 7 0.26613±0.00596 -0.04946 0.00980±0.00025 0.00726±0.00142 0.25889±0.14577 0.02330 0.03787 0.07127 0.11769 0.01853 0.50709
2 8 0.27386±0.00542 -0.00735 0.00935±0.00023 0.00813±0.00082 0.13106±0.09004 0.02725 0.05175 0.03363 0.05553 0.02172 0.10056
2 9 0.25506±0.00569 -0.00096 0.00807±0.00020 0.00720±0.00096 0.10769±0.12126 0.03724 0.06911 0.04645 0.07671 0.02231 0.02427
2 10 0.21530±0.00697 -0.00002 0.00215±0.00005 0.00195±0.00102 0.09403±0.47338 0.06992 0.11159 0.23523 0.38846 0.02265 0.11051
3 5 0.23006±0.00976 0.02089 0.02034±0.00051 0.00531±0.00148 0.73915±0.07320 0.01931 0.07005 0.00307 0.00506 0.00652 0.77501
3 6 0.27402±0.00960 0.06409 0.02008±0.00050 0.00671±0.00094 0.66560±0.04770 0.01912 0.03997 0.00807 0.01333 0.00836 0.70298
3 7 0.27549±0.00647 -0.03036 0.01342±0.00034 0.00715±0.00104 0.46725±0.07857 0.01859 0.02832 0.03607 0.05956 0.01332 0.61661
3 8 0.29850±0.00666 -0.03729 0.01153±0.00029 0.00888±0.00135 0.23006±0.11879 0.02504 0.04595 0.05433 0.08972 0.01925 0.31915
3 9 0.32075±0.00643 -0.00863 0.01567±0.00039 0.01416±0.00124 0.09684±0.08212 0.03002 0.06908 0.01227 0.02026 0.02258 0.17863
3 10 0.30104±0.00685 -0.00073 0.01062±0.00027 0.00979±0.00168 0.07783±0.15971 0.04162 0.07426 0.06897 0.11389 0.02305 0.04942
3 11 0.28363±0.00771 0.00002 0.00323±0.00008 0.00247±0.00143 0.23430±0.44425 0.05623 0.10276 0.22175 0.36619 0.01914 0.00370
4 6 0.23884±0.01121 0.02034 0.01681±0.00042 0.00382±0.00102 0.77245±0.06101 0.01954 0.05467 0.00926 0.01529 0.00569 0.82220
4 7 0.29759±0.00948 -0.00569 0.02655±0.00066 0.00895±0.00099 0.66300±0.03823 0.01806 0.03219 0.00273 0.00451 0.00843 0.72321
4 8 0.32173±0.00785 -0.05516 0.01464±0.00037 0.00852±0.00093 0.41821±0.06547 0.02179 0.03167 0.02640 0.04359 0.01454 0.51156
4 9 0.33533±0.00664 -0.06244 0.01888±0.00047 0.01505±0.00219 0.20285±0.11787 0.02267 0.04503 0.05422 0.08953 0.01993 0.35091
4 10 0.35062±0.00639 -0.00947 0.02119±0.00053 0.01908±0.00140 0.09959±0.06977 0.02794 0.05970 0.00206 0.00341 0.02251 0.05035
4 11 0.35778±0.00746 -0.00135 0.01474±0.00037 0.01357±0.00254 0.07960±0.17367 0.03960 0.08358 0.07520 0.12419 0.02301 0.02265
4 12 0.33047±0.00799 0.00015 0.00305±0.00008 0.00257±0.00121 0.15614±0.39723 0.05321 0.14107 0.19005 0.31384 0.02110 0.01686
5 7 0.29386±0.01740 0.01508 0.01040±0.00026 0.00266±0.00055 0.74452±0.05282 0.02732 0.04280 0.00677 0.01117 0.00639 0.73515
5 8 0.33458±0.01130 0.01981 0.01995±0.00050 0.00691±0.00079 0.65343±0.04033 0.02094 0.03083 0.00660 0.01091 0.00866 0.69703
5 9 0.35486±0.00782 -0.06045 0.01674±0.00042 0.00999±0.00111 0.40333±0.06806 0.01982 0.03125 0.02856 0.04716 0.01492 0.63344
5 10 0.37113±0.00721 -0.04662 0.01929±0.00048 0.01553±0.00235 0.19522±0.12342 0.02175 0.04385 0.05775 0.09537 0.02012 0.32634
5 11 0.39844±0.00748 -0.00613 0.02318±0.00058 0.02048±0.00155 0.11630±0.07062 0.02878 0.06006 0.00410 0.00678 0.02209 0.11600
5 12 0.38719±0.00975 -0.00043 0.01058±0.00026 0.00987±0.00248 0.06718±0.23570 0.05296 0.09201 0.10833 0.17889 0.02332 0.24125
5 13 0.37512±0.00992 0.00000 0.00238±0.00006 0.00208±0.00086 0.12480±0.36283 0.06051 0.11770 0.17463 0.28837 0.02188 0.00540
6 8 0.42116±0.02860 0.00227 0.00526±0.00013 0.00127±0.00030 0.75928±0.05834 0.02782 0.05092 0.00049 0.00080 0.00602 0.70170
6 9 0.33899±0.01042 0.00291 0.02112±0.00053 0.00671±0.00060 0.68238±0.02938 0.01594 0.02019 0.00608 0.01005 0.00794 0.71362
6 10 0.39743±0.00764 -0.08610 0.02181±0.00055 0.01416±0.00128 0.35070±0.06106 0.01930 0.03476 0.02248 0.03712 0.01623 0.46368
6 11 0.41496±0.00744 -0.04738 0.03079±0.00077 0.02570±0.00262 0.16547±0.08772 0.02235 0.04271 0.03639 0.06009 0.02086 0.32097
6 12 0.43086±0.00826 -0.00317 0.02497±0.00062 0.02424±0.00199 0.02919±0.08328 0.03273 0.07068 0.00868 0.01433 0.02427 0.07567
6 13 0.44023±0.01022 -0.00029 0.01240±0.00031 0.01167±0.00197 0.05855±0.16094 0.04557 0.08357 0.06611 0.10917 0.02354 0.06726
6 14 0.39905±0.01222 0.00008 0.00358±0.00009 0.00305±0.00132 0.14874±0.36983 0.06914 0.16776 0.16656 0.27506 0.02128 0.01429
7 9 1.17121±0.19824 0.00029 0.00431±0.00011 0.00045±0.00054 0.89498±0.12477 0.05507 0.11015 0.01031 0.01703 0.00263 0.86884
7 10 0.44844±0.01933 -0.00793 0.01304±0.00033 0.00502±0.00057 0.61480±0.04509 0.02728 0.03327 0.00488 0.00806 0.00963 0.57057
7 11 0.45529±0.00967 -0.08914 0.02767±0.00069 0.01848±0.00193 0.33219±0.07163 0.02075 0.03147 0.03034 0.05011 0.01670 0.48483
7 12 0.47206±0.00859 -0.03408 0.03168±0.00079 0.02909±0.00331 0.08199±0.10706 0.02407 0.05671 0.04377 0.07228 0.02295 0.26572
7 13 0.50009±0.01007 -0.00245 0.02718±0.00068 0.02637±0.00203 0.02963±0.07859 0.03213 0.06413 0.01091 0.01801 0.02426 0.02182
7 14 0.48707±0.01105 -0.00057 0.01651±0.00041 0.01569±0.00275 0.04972±0.16844 0.04617 0.08759 0.06950 0.11477 0.02376 0.03877
7 15 0.46872±0.01150 -0.00010 0.00504±0.00013 0.00412±0.00137 0.18355±0.27245 0.05176 0.10904 0.12608 0.20820 0.02041 0.00910
8 10 0.78238±0.16755 -0.00006 0.00795±0.00020 0.00014±0.00015 0.98256±0.01870 0.00812 0.01675 0.00086 0.00142 0.00044 0.95475
8 11 0.82553±0.07654 -0.00320 0.00966±0.00024 0.00364±0.00092 0.62277±0.09619 0.06003 0.07457 0.00018 0.00030 0.00943 0.45829
8 12 0.56591±0.01213 -0.06004 0.02190±0.00055 0.01471±0.00139 0.32811±0.06547 0.02126 0.03942 0.02316 0.03824 0.01680 0.47618
8 13 0.49655±0.00878 -0.05649 0.03469±0.00087 0.02789±0.00218 0.19589±0.06603 0.02262 0.04954 0.01630 0.02692 0.02010 0.26865
8 14 0.49285±0.00944 -0.00868 0.03901±0.00098 0.03616±0.00254 0.07307±0.06907 0.03077 0.05700 0.00324 0.00534 0.02317 0.15480
8 15 0.50256±0.01050 -0.00139 0.02631±0.00066 0.02627±0.00413 0.00146±0.15910 0.04339 0.09489 0.06085 0.10049 0.02496 0.00858
8 16 0.52806±0.01473 -0.00002 0.00431±0.00011 0.00356±0.00117 0.17303±0.27350 0.06010 0.14365 0.11597 0.19152 0.02067 0.00000
9 11 0.80300±0.19936 -0.00003 0.00598±0.00015 0.00011±0.00007 0.98082±0.01122 0.00865 0.00711 0.00021 0.00035 0.00048 0.95284
9 12 0.83239±0.15568 0.00028 0.00945±0.00024 0.00027±0.00014 0.97131±0.01521 0.01164 0.00943 0.00131 0.00216 0.00072 0.95188
9 13 0.67235±0.10837 -0.00004 0.01211±0.00030 0.00032±0.00018 0.97362±0.01448 0.00900 0.01103 0.00132 0.00218 0.00066 0.95435
9 14 0.58674±0.06193 -0.00718 0.02010±0.00050 0.00568±0.00125 0.71765±0.06276 0.04138 0.03946 0.01290 0.02130 0.00706 0.90087
9 15 0.55067±0.01949 -0.01197 0.05161±0.00129 0.03882±0.00342 0.24784±0.06882 0.04362 0.04716 0.00828 0.01368 0.01880 0.67011
9 16 0.47955±0.01055 -0.00368 0.05867±0.00147 0.04901±0.00483 0.16461±0.08495 0.03502 0.05147 0.02792 0.04610 0.02088 0.28977
Table F.19: Pass 3 Target LD2, Energy 687, Octant 3, sbfil= 1.02200 ± 0.00500, r= -0.43772
200
CED FPD # m Ymeastot Y
sim






1 3 0.19479±0.00762 0.04967 0.02489±0.00062 0.00695±0.00186 0.72070±0.07497 0.01635 0.07281 0.00092 0.00134 0.00698 0.78783
1 4 0.18333±0.00657 0.03348 0.01537±0.00038 0.00428±0.00061 0.72187±0.04054 0.01492 0.03702 0.00089 0.00130 0.00695 0.74383
1 5 0.19812±0.00502 -0.01927 0.00934±0.00023 0.00455±0.00045 0.51284±0.05002 0.01766 0.02184 0.02233 0.03266 0.01218 0.61331
1 6 0.20402±0.00508 -0.05381 0.00808±0.00020 0.00591±0.00132 0.26830±0.16470 0.02385 0.03860 0.08876 0.12983 0.01829 0.55524
1 7 0.21021±0.00395 -0.01631 0.00997±0.00025 0.00875±0.00075 0.12226±0.07867 0.02387 0.04884 0.02962 0.04332 0.02194 0.11211
1 8 0.19095±0.00424 -0.00287 0.00464±0.00012 0.00445±0.00057 0.04085±0.12444 0.03358 0.07704 0.05000 0.07314 0.02398 0.04788
1 9 0.23167±0.00865 -0.00025 0.00125±0.00003 0.00145±0.00041 -0.16348±0.32730 0.07598 0.13714 0.16132 0.23595 0.02909 0.00023
2 4 0.20868±0.00953 0.01722 0.01726±0.00043 0.00454±0.00136 0.73718±0.07928 0.01915 0.07173 0.01526 0.02232 0.00657 0.80677
2 5 0.20612±0.00809 0.06440 0.01451±0.00036 0.00427±0.00066 0.70604±0.04585 0.01766 0.04054 0.00543 0.00794 0.00735 0.74888
2 6 0.24054±0.00666 -0.02372 0.00923±0.00023 0.00473±0.00034 0.48812±0.03926 0.02096 0.02862 0.00616 0.00901 0.01280 0.63494
2 7 0.25290±0.00575 -0.04898 0.00871±0.00022 0.00656±0.00128 0.24655±0.14806 0.02217 0.03553 0.07945 0.11620 0.01884 0.50709
2 8 0.25167±0.00496 -0.00728 0.00850±0.00021 0.00732±0.00071 0.13932±0.08582 0.02407 0.04590 0.03664 0.05360 0.02152 0.10056
2 9 0.22464±0.00494 -0.00095 0.00745±0.00019 0.00651±0.00082 0.12625±0.11215 0.03077 0.05787 0.04986 0.07293 0.02184 0.02427
2 10 0.20394±0.00639 -0.00002 0.00208±0.00005 0.00205±0.00092 0.01621±0.44211 0.05823 0.09589 0.24096 0.35243 0.02459 0.11051
3 5 0.19417±0.00818 0.02069 0.01748±0.00044 0.00450±0.00110 0.74253±0.06319 0.01651 0.06033 0.00353 0.00517 0.00644 0.77501
3 6 0.24650±0.00845 0.06347 0.01816±0.00045 0.00596±0.00075 0.67163±0.04237 0.01633 0.03487 0.00884 0.01293 0.00821 0.70298
3 7 0.24828±0.00589 -0.03006 0.01161±0.00029 0.00621±0.00092 0.46535±0.08055 0.01715 0.02586 0.04127 0.06036 0.01337 0.61661
3 8 0.27824±0.00629 -0.03693 0.01020±0.00025 0.00794±0.00121 0.22162±0.11981 0.02347 0.04248 0.06084 0.08898 0.01946 0.31915
3 9 0.27345±0.00546 -0.00854 0.01341±0.00034 0.01197±0.00094 0.10762±0.07389 0.02613 0.06038 0.01420 0.02077 0.02231 0.17863
3 10 0.25710±0.00574 -0.00072 0.00940±0.00024 0.00873±0.00145 0.07178±0.15607 0.03456 0.06282 0.07713 0.11282 0.02321 0.04942
3 11 0.22748±0.00590 0.00002 0.00277±0.00007 0.00230±0.00128 0.16923±0.46442 0.04403 0.08436 0.25628 0.37485 0.02077 0.00370
4 6 0.17572±0.00816 0.02014 0.01239±0.00031 0.00287±0.00069 0.76870±0.05562 0.01692 0.04784 0.01243 0.01818 0.00578 0.82220
4 7 0.25080±0.00784 -0.00564 0.02272±0.00057 0.00751±0.00073 0.66960±0.03328 0.01531 0.02782 0.00316 0.00462 0.00826 0.72321
4 8 0.28724±0.00708 -0.05462 0.01267±0.00032 0.00739±0.00081 0.41685±0.06553 0.01993 0.02865 0.03020 0.04418 0.01458 0.51156
4 9 0.28936±0.00581 -0.06184 0.01544±0.00039 0.01241±0.00194 0.19621±0.12696 0.02128 0.04166 0.06564 0.09601 0.02009 0.35091
4 10 0.29665±0.00537 -0.00937 0.01808±0.00045 0.01612±0.00104 0.10855±0.06159 0.02414 0.05193 0.00239 0.00350 0.02229 0.05035
4 11 0.28180±0.00573 -0.00134 0.01254±0.00031 0.01129±0.00216 0.09928±0.17371 0.03138 0.06790 0.08757 0.12808 0.02252 0.02265
4 12 0.26109±0.00602 0.00015 0.00270±0.00007 0.00232±0.00106 0.13938±0.39462 0.03966 0.11029 0.21233 0.31056 0.02152 0.01686
5 7 0.20117±0.01169 0.01493 0.00711±0.00018 0.00185±0.00034 0.74010±0.04812 0.02357 0.03763 0.00981 0.01435 0.00650 0.73515
5 8 0.27886±0.00930 0.01961 0.01653±0.00041 0.00583±0.00059 0.64703±0.03669 0.01824 0.02720 0.00789 0.01155 0.00882 0.69703
5 9 0.29388±0.00656 -0.05986 0.01343±0.00034 0.00800±0.00095 0.40436±0.07248 0.01817 0.02829 0.03525 0.05156 0.01489 0.63344
5 10 0.30905±0.00604 -0.04617 0.01536±0.00038 0.01226±0.00207 0.20160±0.13647 0.02008 0.04023 0.07184 0.10508 0.01996 0.32634
5 11 0.29605±0.00550 -0.00608 0.01774±0.00044 0.01527±0.00102 0.13901±0.06127 0.02422 0.05115 0.00531 0.00777 0.02152 0.11600
5 12 0.28575±0.00698 -0.00042 0.00861±0.00022 0.00792±0.00214 0.08014±0.24927 0.04084 0.07320 0.13186 0.19286 0.02300 0.24125
5 13 0.27009±0.00669 0.00000 0.00195±0.00005 0.00172±0.00076 0.11899±0.38806 0.04366 0.09076 0.21115 0.30883 0.02203 0.00540
6 8 0.27402±0.01903 0.00225 0.00328±0.00008 0.00082±0.00017 0.74922±0.05377 0.02603 0.04661 0.00077 0.00113 0.00627 0.70170
6 9 0.24268±0.00751 0.00288 0.01468±0.00037 0.00474±0.00041 0.67691±0.02906 0.01450 0.01825 0.00867 0.01268 0.00808 0.71362
6 10 0.30652±0.00597 -0.08526 0.01615±0.00040 0.01063±0.00104 0.34191±0.06659 0.01785 0.03175 0.03006 0.04396 0.01645 0.46368
6 11 0.30413±0.00549 -0.04692 0.02202±0.00055 0.01817±0.00219 0.17479±0.10138 0.02024 0.03839 0.05039 0.07370 0.02063 0.32097
6 12 0.31019±0.00587 -0.00314 0.01870±0.00047 0.01758±0.00128 0.05980±0.07251 0.02722 0.05959 0.01147 0.01678 0.02350 0.07567
6 13 0.30655±0.00694 -0.00029 0.00952±0.00024 0.00861±0.00161 0.09557±0.17021 0.03533 0.06644 0.08521 0.12464 0.02261 0.06726
6 14 0.27138±0.00781 0.00008 0.00270±0.00007 0.00239±0.00112 0.11507±0.41396 0.05148 0.13286 0.21900 0.32032 0.02212 0.01429
7 9 0.71386±0.13022 0.00029 0.00251±0.00006 0.00034±0.00030 0.86552±0.11910 0.05451 0.10117 0.01754 0.02566 0.00336 0.86884
7 10 0.30683±0.01312 -0.00785 0.00891±0.00022 0.00340±0.00035 0.61848±0.04084 0.02377 0.02923 0.00708 0.01035 0.00954 0.57057
7 11 0.31728±0.00684 -0.08828 0.01835±0.00046 0.01236±0.00161 0.32655±0.08912 0.01939 0.02900 0.04530 0.06626 0.01684 0.48483
7 12 0.33125±0.00606 -0.03375 0.02163±0.00054 0.01952±0.00271 0.09768±0.12748 0.02181 0.05112 0.06349 0.09286 0.02256 0.26572
7 13 0.33243±0.00661 -0.00242 0.01867±0.00047 0.01734±0.00125 0.07116±0.07074 0.02693 0.05443 0.01573 0.02300 0.02322 0.02182
7 14 0.31764±0.00707 -0.00056 0.01144±0.00029 0.01094±0.00222 0.04353±0.19545 0.03740 0.07233 0.09937 0.14534 0.02391 0.03877
7 15 0.30737±0.00715 -0.00010 0.00368±0.00009 0.00308±0.00117 0.16217±0.31863 0.03876 0.08607 0.17135 0.25063 0.02095 0.00910
8 10 0.54643±0.11916 -0.00006 0.00553±0.00014 0.00010±0.00009 0.98116±0.01662 0.00729 0.01477 0.00122 0.00179 0.00047 0.95475
8 11 0.48589±0.04507 -0.00317 0.00569±0.00014 0.00215±0.00048 0.62303±0.08439 0.05261 0.06531 0.00031 0.00045 0.00942 0.45829
8 12 0.37432±0.00819 -0.05946 0.01374±0.00034 0.00936±0.00106 0.31867±0.07882 0.02007 0.03644 0.03654 0.05344 0.01703 0.47618
8 13 0.33832±0.00603 -0.05594 0.02282±0.00057 0.01863±0.00150 0.18361±0.06899 0.02071 0.04499 0.02454 0.03589 0.02041 0.26865
8 14 0.32621±0.00620 -0.00860 0.02649±0.00066 0.02401±0.00148 0.09371±0.06031 0.02608 0.04872 0.00472 0.00690 0.02266 0.15480
8 15 0.34073±0.00696 -0.00137 0.01932±0.00048 0.01887±0.00325 0.02318±0.16981 0.03439 0.07686 0.08208 0.12005 0.02442 0.00858
8 16 0.37819±0.00993 -0.00002 0.00345±0.00009 0.00292±0.00097 0.15491±0.28207 0.04435 0.11260 0.14331 0.20961 0.02113 0.00000
9 11 0.38317±0.09721 -0.00003 0.00279±0.00007 0.00006±0.00003 0.98002±0.01024 0.00795 0.00639 0.00044 0.00065 0.00050 0.95284
9 12 0.42791±0.08262 0.00028 0.00467±0.00012 0.00015±0.00007 0.96797±0.01471 0.01096 0.00860 0.00262 0.00384 0.00080 0.95188
9 13 0.35419±0.05792 -0.00004 0.00628±0.00016 0.00018±0.00008 0.97148±0.01353 0.00813 0.00982 0.00252 0.00369 0.00071 0.95435
9 14 0.28393±0.03003 -0.00711 0.00960±0.00024 0.00260±0.00067 0.72874±0.06986 0.03686 0.03508 0.02674 0.03912 0.00678 0.90087
9 15 0.31287±0.01105 -0.01186 0.02978±0.00074 0.02180±0.00181 0.26801±0.06358 0.03761 0.04073 0.01422 0.02079 0.01830 0.67011
9 16 0.28217±0.00615 -0.00364 0.03562±0.00089 0.02974±0.00343 0.16508±0.09865 0.02949 0.04376 0.04554 0.06661 0.02087 0.28977
Table F.20: Pass 3 Target LD2, Energy 687, Octant 4, sbfil= 1.03200 ± 0.00500, r= -0.20577
201
CED FPD # m Ymeastot Y
sim






1 3 0.12801±0.00518 0.02759 0.01543±0.00039 0.00456±0.00093 0.70463±0.06054 0.01358 0.05849 0.00145 0.00164 0.00738 0.78783
1 4 0.12184±0.00434 0.05839 0.01097±0.00027 0.00284±0.00031 0.74162±0.02893 0.01046 0.02612 0.00123 0.00138 0.00646 0.74383
1 5 0.13534±0.00334 0.00223 0.00730±0.00018 0.00301±0.00034 0.58815±0.04727 0.01139 0.01447 0.02805 0.03167 0.01030 0.61331
1 6 0.13945±0.00382 -0.07490 0.00529±0.00013 0.00368±0.00108 0.30466±0.20481 0.02078 0.03053 0.13308 0.15023 0.01738 0.55524
1 7 0.14960±0.00290 -0.02579 0.00688±0.00017 0.00607±0.00053 0.11806±0.07970 0.01925 0.03817 0.04214 0.04757 0.02205 0.11211
1 8 0.19092±0.00445 -0.00251 0.00452±0.00011 0.00461±0.00045 -0.02030±0.10383 0.02745 0.05995 0.05042 0.05692 0.02551 0.04788
1 9 0.30547±0.01027 -0.00061 0.00196±0.00005 0.00214±0.00035 -0.09321±0.18322 0.04366 0.08749 0.10113 0.11417 0.02733 0.00023
2 4 0.10451±0.00493 0.01553 0.00826±0.00021 0.00237±0.00062 0.71309±0.07587 0.01566 0.05685 0.03129 0.03532 0.00717 0.80677
2 5 0.13317±0.00511 0.04366 0.01000±0.00025 0.00279±0.00033 0.72058±0.03414 0.01228 0.02881 0.00774 0.00873 0.00699 0.74888
2 6 0.14628±0.00381 0.02250 0.00623±0.00016 0.00284±0.00017 0.54339±0.02960 0.01345 0.01955 0.00896 0.01012 0.01142 0.63494
2 7 0.16254±0.00384 -0.05801 0.00543±0.00014 0.00381±0.00104 0.29859±0.19227 0.01799 0.02774 0.12505 0.14117 0.01754 0.50709
2 8 0.17979±0.00362 -0.01217 0.00589±0.00015 0.00502±0.00052 0.14647±0.09085 0.01921 0.03589 0.05196 0.05866 0.02134 0.10056
2 9 0.17847±0.00388 -0.00303 0.00595±0.00015 0.00541±0.00062 0.09044±0.10721 0.02290 0.04363 0.06131 0.06921 0.02274 0.02427
2 10 0.21894±0.00635 -0.00060 0.00242±0.00006 0.00260±0.00077 -0.07070±0.31701 0.03762 0.06700 0.20317 0.22935 0.02677 0.11051
3 5 0.09945±0.00425 0.00696 0.00859±0.00021 0.00233±0.00043 0.72918±0.05102 0.01322 0.04763 0.00706 0.00797 0.00677 0.77501
3 6 0.17518±0.00586 0.04715 0.01376±0.00034 0.00414±0.00044 0.69949±0.03312 0.01132 0.02478 0.01145 0.01293 0.00751 0.70298
3 7 0.18031±0.00419 -0.00682 0.00922±0.00023 0.00420±0.00074 0.54494±0.08067 0.01164 0.01792 0.05103 0.05760 0.01138 0.61661
3 8 0.19631±0.00442 -0.07195 0.00698±0.00017 0.00516±0.00096 0.26086±0.13818 0.01823 0.03318 0.08726 0.09851 0.01848 0.31915
3 9 0.21608±0.00440 -0.01957 0.01035±0.00026 0.00931±0.00060 0.10063±0.06222 0.02069 0.04685 0.01807 0.02040 0.02248 0.17863
3 10 0.09386±0.00198 -0.00203 0.00364±0.00009 0.00343±0.00109 0.05696±0.30029 0.02338 0.04490 0.19565 0.22086 0.02358 0.04942
3 11 0.24166±0.00576 -0.00040 0.00330±0.00008 0.00306±0.00107 0.07035±0.32591 0.02736 0.05707 0.21143 0.23868 0.02324 0.00370
4 6 0.09163±0.00428 0.01164 0.00645±0.00016 0.00155±0.00034 0.76018±0.05270 0.01294 0.03635 0.02347 0.02649 0.00600 0.82220
4 7 0.17140±0.00528 0.07276 0.01654±0.00041 0.00508±0.00039 0.69259±0.02464 0.01074 0.01979 0.00426 0.00481 0.00769 0.72321
4 8 0.20780±0.00571 0.00076 0.00972±0.00024 0.00506±0.00062 0.47946±0.06514 0.01588 0.02049 0.03867 0.04366 0.01301 0.51156
4 9 0.21296±0.00411 -0.07634 0.01122±0.00028 0.00836±0.00155 0.25501±0.13976 0.01571 0.03200 0.08875 0.10019 0.01862 0.35091
4 10 0.22695±0.00413 -0.02321 0.01381±0.00035 0.01230±0.00060 0.10943±0.04909 0.01840 0.03943 0.00308 0.00348 0.02226 0.05035
4 11 0.23986±0.00467 -0.00206 0.01120±0.00028 0.01057±0.00173 0.05650±0.15658 0.02170 0.04904 0.09628 0.10869 0.02359 0.02265
4 12 0.24166±0.00514 -0.00001 0.00290±0.00007 0.00265±0.00088 0.08566±0.30326 0.02389 0.07203 0.19410 0.21911 0.02286 0.01686
5 7 0.09430±0.00493 0.01510 0.00350±0.00009 0.00089±0.00015 0.74589±0.04336 0.01529 0.02713 0.01955 0.02207 0.00635 0.73515
5 8 0.17918±0.00603 0.02078 0.01173±0.00029 0.00383±0.00033 0.67323±0.02908 0.01263 0.01866 0.01092 0.01233 0.00817 0.69703
5 9 0.23025±0.00507 -0.00988 0.01136±0.00028 0.00587±0.00075 0.48312±0.06728 0.01257 0.01986 0.04091 0.04619 0.01292 0.63344
5 10 0.24434±0.00475 -0.06312 0.01168±0.00029 0.00872±0.00169 0.25345±0.14550 0.01572 0.03170 0.09276 0.10472 0.01866 0.32634
5 11 0.26625±0.00498 -0.01232 0.01578±0.00039 0.01383±0.00070 0.12371±0.04944 0.01872 0.03919 0.00586 0.00662 0.02191 0.11600
5 12 0.27054±0.00632 -0.00181 0.00886±0.00022 0.00861±0.00176 0.02886±0.19975 0.02724 0.05101 0.12575 0.14196 0.02428 0.24125
5 13 0.27546±0.00608 -0.00005 0.00249±0.00006 0.00216±0.00063 0.13065±0.25329 0.02361 0.05500 0.16256 0.18351 0.02173 0.00540
6 8 0.19427±0.01464 0.01020 0.00216±0.00005 0.00058±0.00010 0.73163±0.04488 0.02299 0.03792 0.00115 0.00130 0.00671 0.70170
6 9 0.17417±0.00558 0.03262 0.01122±0.00028 0.00332±0.00027 0.70369±0.02490 0.01068 0.01299 0.01114 0.01258 0.00741 0.71362
6 10 0.26422±0.00529 -0.04881 0.01453±0.00036 0.00870±0.00082 0.40123±0.05816 0.01334 0.02306 0.03281 0.03704 0.01497 0.46368
6 11 0.29217±0.00573 -0.06828 0.01979±0.00049 0.01629±0.00179 0.17695±0.09276 0.01781 0.03111 0.05506 0.06216 0.02058 0.32097
6 12 0.30151±0.00574 -0.00916 0.01822±0.00046 0.01732±0.00096 0.04936±0.05768 0.02072 0.04505 0.01156 0.01305 0.02377 0.07567
6 13 0.31742±0.00690 -0.00092 0.01061±0.00027 0.00985±0.00132 0.07118±0.12706 0.02389 0.04682 0.07514 0.08482 0.02322 0.06726
6 14 0.29628±0.00770 -0.00012 0.00362±0.00009 0.00324±0.00093 0.10504±0.25781 0.02868 0.08194 0.16029 0.18094 0.02237 0.01429
7 9 1.12924±0.24256 -0.00045 0.00335±0.00008 0.00071±0.00037 0.78709±0.10942 0.05761 0.09081 0.01290 0.01456 0.00532 0.86884
7 10 0.21826±0.00921 0.02519 0.00662±0.00017 0.00237±0.00020 0.64247±0.03189 0.01701 0.02119 0.00935 0.01055 0.00894 0.57057
7 11 0.29262±0.00596 -0.06214 0.01768±0.00044 0.01052±0.00131 0.40485±0.07545 0.01331 0.02105 0.04619 0.05214 0.01488 0.48483
7 12 0.33925±0.00631 -0.07133 0.02106±0.00053 0.01831±0.00224 0.13059±0.10851 0.01768 0.04076 0.06404 0.07230 0.02174 0.26572
7 13 0.36235±0.00719 -0.00665 0.02027±0.00051 0.01852±0.00103 0.08638±0.05582 0.02045 0.04142 0.01423 0.01606 0.02284 0.02182
7 14 0.36613±0.00791 -0.00058 0.01420±0.00036 0.01411±0.00187 0.00618±0.13380 0.02553 0.05089 0.07858 0.08871 0.02485 0.03877
7 15 0.36970±0.00782 0.00007 0.00539±0.00013 0.00455±0.00098 0.15619±0.18374 0.02190 0.05353 0.11479 0.12959 0.02110 0.00910
8 10 0.67019±0.14838 -0.00011 0.00650±0.00016 0.00014±0.00009 0.97782±0.01317 0.00586 0.01168 0.00102 0.00115 0.00055 0.95475
8 11 0.45551±0.04231 0.00459 0.00548±0.00014 0.00202±0.00034 0.63253±0.06258 0.03886 0.04818 0.00031 0.00035 0.00919 0.45829
8 12 0.32095±0.00650 -0.04054 0.01211±0.00030 0.00745±0.00083 0.38538±0.07009 0.01368 0.02686 0.04070 0.04594 0.01537 0.47618
8 13 0.33880±0.00620 -0.08779 0.02232±0.00056 0.01797±0.00120 0.19476±0.05724 0.01649 0.03492 0.02464 0.02781 0.02013 0.26865
8 14 0.35916±0.00683 -0.01927 0.02890±0.00072 0.02660±0.00124 0.07967±0.04855 0.01996 0.03726 0.00425 0.00479 0.02301 0.15480
8 15 0.38882±0.00771 -0.00179 0.02297±0.00057 0.02376±0.00273 -0.03467±0.12181 0.02426 0.05591 0.06779 0.07653 0.02587 0.00858
8 16 0.43327±0.01028 -0.00006 0.00478±0.00012 0.00412±0.00082 0.13780±0.17213 0.02513 0.07067 0.10173 0.11484 0.02156 0.00000
9 11 0.54103±0.14650 -0.00034 0.00370±0.00009 0.00008±0.00003 0.97810±0.00859 0.00683 0.00515 0.00033 0.00037 0.00055 0.95284
9 12 0.43830±0.07258 -0.00008 0.00508±0.00013 0.00017±0.00005 0.96597±0.00982 0.00672 0.00614 0.00237 0.00268 0.00085 0.95188
9 13 0.41919±0.07137 0.00004 0.00738±0.00018 0.00024±0.00008 0.96802±0.01043 0.00646 0.00750 0.00211 0.00238 0.00080 0.95435
9 14 0.32641±0.03448 -0.01551 0.01099±0.00027 0.00269±0.00057 0.75524±0.05225 0.02801 0.02669 0.02293 0.02589 0.00612 0.90087
9 15 0.33791±0.01237 -0.03455 0.03105±0.00078 0.02302±0.00151 0.25858±0.05204 0.03058 0.03197 0.01339 0.01511 0.01854 0.67011
9 16 0.31929±0.00694 -0.01170 0.04046±0.00101 0.03552±0.00289 0.12200±0.07477 0.02220 0.03304 0.03937 0.04444 0.02195 0.28977
Table F.21: Pass 3 Target LD2, Energy 687, Octant 5, sbfil= 1.05100 ± 0.00500, r= -0.77721
202
CED FPD # m Ymeastot Y
sim






1 3 0.30192±0.01180 0.04967 0.03884±0.00097 0.01078±0.00288 0.72255±0.07446 0.01623 0.07233 0.00059 0.00086 0.00694 0.78783
1 4 0.27992±0.01005 0.03348 0.02347±0.00059 0.00653±0.00094 0.72190±0.04053 0.01494 0.03701 0.00058 0.00085 0.00695 0.74383
1 5 0.32029±0.00812 -0.01927 0.01517±0.00038 0.00735±0.00056 0.51520±0.03900 0.01758 0.02173 0.01374 0.02010 0.01212 0.61331
1 6 0.31745±0.00790 -0.05381 0.01249±0.00031 0.00920±0.00139 0.26375±0.11299 0.02400 0.03884 0.05740 0.08395 0.01841 0.55524
1 7 0.31187±0.00586 -0.01631 0.01475±0.00037 0.01298±0.00096 0.11977±0.06865 0.02393 0.04897 0.02002 0.02928 0.02201 0.11211
1 8 0.29246±0.00648 -0.00287 0.00719±0.00018 0.00682±0.00072 0.05161±0.10362 0.03317 0.07617 0.03228 0.04722 0.02371 0.04788
1 9 0.34673±0.01266 -0.00025 0.00202±0.00005 0.00218±0.00046 -0.07920±0.23032 0.06897 0.12720 0.09998 0.14624 0.02698 0.00023
2 4 0.29412±0.01342 0.01722 0.02441±0.00061 0.00639±0.00186 0.73815±0.07667 0.01906 0.07147 0.01079 0.01578 0.00655 0.80677
2 5 0.32046±0.01259 0.06440 0.02230±0.00056 0.00663±0.00101 0.70258±0.04579 0.01788 0.04102 0.00353 0.00517 0.00744 0.74888
2 6 0.35672±0.00988 -0.02372 0.01364±0.00034 0.00701±0.00050 0.48619±0.03857 0.02105 0.02873 0.00417 0.00610 0.01285 0.63494
2 7 0.36581±0.00831 -0.04898 0.01249±0.00031 0.00949±0.00133 0.23999±0.10854 0.02236 0.03584 0.05540 0.08103 0.01900 0.50709
2 8 0.36677±0.00723 -0.00728 0.01243±0.00031 0.01066±0.00085 0.14202±0.07143 0.02399 0.04576 0.02506 0.03666 0.02145 0.10056
2 9 0.32365±0.00712 -0.00095 0.01072±0.00027 0.00937±0.00096 0.12534±0.09247 0.03078 0.05793 0.03465 0.05067 0.02187 0.02427
2 10 0.29886±0.00935 -0.00002 0.00314±0.00008 0.00300±0.00095 0.04262±0.30472 0.05653 0.09332 0.16001 0.23404 0.02393 0.11051
3 5 0.27089±0.01140 0.02069 0.02445±0.00061 0.00628±0.00153 0.74315±0.06289 0.01646 0.06019 0.00253 0.00370 0.00642 0.77501
3 6 0.36810±0.01263 0.06347 0.02701±0.00068 0.00890±0.00108 0.67028±0.04092 0.01641 0.03502 0.00594 0.00869 0.00824 0.70298
3 7 0.36146±0.00857 -0.03006 0.01695±0.00042 0.00904±0.00100 0.46658±0.06039 0.01711 0.02580 0.02828 0.04136 0.01334 0.61661
3 8 0.40334±0.00912 -0.03693 0.01448±0.00036 0.01150±0.00131 0.20577±0.09275 0.02394 0.04335 0.04282 0.06263 0.01986 0.31915
3 9 0.39043±0.00779 -0.00854 0.01908±0.00048 0.01709±0.00130 0.10472±0.07190 0.02621 0.06058 0.00998 0.01460 0.02238 0.17863
3 10 0.37077±0.00827 -0.00072 0.01360±0.00034 0.01259±0.00161 0.07458±0.12070 0.03442 0.06263 0.05332 0.07799 0.02314 0.04942
3 11 0.31818±0.00824 0.00002 0.00388±0.00010 0.00322±0.00131 0.17008±0.33859 0.04397 0.08428 0.18304 0.26772 0.02075 0.00370
4 6 0.25308±0.01176 0.02014 0.01790±0.00045 0.00413±0.00095 0.76939±0.05315 0.01687 0.04770 0.00860 0.01259 0.00577 0.82220
4 7 0.35709±0.01116 -0.00564 0.03220±0.00081 0.01069±0.00103 0.66815±0.03319 0.01538 0.02794 0.00223 0.00326 0.00830 0.72321
4 8 0.41415±0.01021 -0.05462 0.01836±0.00046 0.01065±0.00093 0.41965±0.05274 0.01984 0.02852 0.02085 0.03049 0.01451 0.51156
4 9 0.40900±0.00821 -0.06184 0.02180±0.00054 0.01755±0.00207 0.19509±0.09690 0.02131 0.04172 0.04650 0.06802 0.02012 0.35091
4 10 0.42295±0.00766 -0.00937 0.02589±0.00065 0.02298±0.00148 0.11226±0.06126 0.02404 0.05171 0.00167 0.00245 0.02219 0.05035
4 11 0.39106±0.00796 -0.00134 0.01731±0.00043 0.01567±0.00234 0.09448±0.13712 0.03156 0.06826 0.06344 0.09279 0.02264 0.02265
4 12 0.34901±0.00805 0.00015 0.00355±0.00009 0.00311±0.00110 0.12613±0.31033 0.04032 0.11199 0.16128 0.23590 0.02185 0.01686
5 7 0.26228±0.01525 0.01493 0.00927±0.00023 0.00241±0.00043 0.74028±0.04678 0.02356 0.03760 0.00752 0.01100 0.00649 0.73515
5 8 0.38894±0.01298 0.01961 0.02304±0.00058 0.00814±0.00079 0.64687±0.03539 0.01826 0.02721 0.00566 0.00828 0.00883 0.69703
5 9 0.42079±0.00939 -0.05986 0.01915±0.00048 0.01145±0.00106 0.40194±0.05729 0.01825 0.02841 0.02472 0.03616 0.01495 0.63344
5 10 0.44694±0.00874 -0.04617 0.02200±0.00055 0.01773±0.00220 0.19381±0.10182 0.02028 0.04063 0.05016 0.07337 0.02015 0.32634
5 11 0.42351±0.00786 -0.00608 0.02535±0.00063 0.02185±0.00145 0.13821±0.06096 0.02425 0.05119 0.00372 0.00543 0.02154 0.11600
5 12 0.40361±0.00985 -0.00042 0.01231±0.00031 0.01118±0.00225 0.09188±0.18446 0.04031 0.07227 0.09216 0.13480 0.02270 0.24125
5 13 0.37169±0.00920 0.00000 0.00270±0.00007 0.00236±0.00078 0.12496±0.28877 0.04335 0.09014 0.15239 0.22289 0.02188 0.00540
6 8 0.37414±0.02597 0.00225 0.00447±0.00011 0.00112±0.00024 0.74876±0.05385 0.02606 0.04670 0.00057 0.00083 0.00628 0.70170
6 9 0.34792±0.01076 0.00288 0.02103±0.00053 0.00680±0.00054 0.67672±0.02691 0.01451 0.01826 0.00605 0.00885 0.00808 0.71362
6 10 0.44694±0.00871 -0.08526 0.02336±0.00058 0.01550±0.00122 0.33642±0.05460 0.01801 0.03202 0.02079 0.03040 0.01659 0.46368
6 11 0.43172±0.00780 -0.04692 0.03131±0.00078 0.02580±0.00239 0.17619±0.07901 0.02020 0.03833 0.03543 0.05183 0.02060 0.32097
6 12 0.43081±0.00815 -0.00314 0.02601±0.00065 0.02442±0.00174 0.06130±0.07101 0.02717 0.05950 0.00825 0.01206 0.02347 0.07567
6 13 0.42109±0.00954 -0.00029 0.01302±0.00033 0.01183±0.00174 0.09116±0.13577 0.03553 0.06677 0.06234 0.09118 0.02272 0.06726
6 14 0.37103±0.01070 0.00008 0.00375±0.00009 0.00326±0.00117 0.12848±0.31353 0.05078 0.13085 0.15775 0.23074 0.02179 0.01429
7 9 1.01350±0.18500 0.00029 0.00353±0.00009 0.00048±0.00042 0.86409±0.11830 0.05513 0.10225 0.01249 0.01827 0.00340 0.86884
7 10 0.41170±0.01760 -0.00785 0.01190±0.00030 0.00456±0.00046 0.61684±0.04014 0.02388 0.02935 0.00530 0.00775 0.00958 0.57057
7 11 0.44924±0.00969 -0.08828 0.02595±0.00065 0.01750±0.00173 0.32557±0.06876 0.01943 0.02904 0.03204 0.04686 0.01686 0.48483
7 12 0.45977±0.00841 -0.03375 0.02986±0.00075 0.02709±0.00295 0.09256±0.10139 0.02193 0.05141 0.04600 0.06728 0.02269 0.26572
7 13 0.46210±0.00918 -0.00242 0.02596±0.00065 0.02411±0.00166 0.07150±0.06801 0.02690 0.05441 0.01131 0.01654 0.02321 0.02182
7 14 0.44368±0.00987 -0.00056 0.01631±0.00041 0.01528±0.00240 0.06308±0.14884 0.03660 0.07085 0.06969 0.10193 0.02342 0.03877
7 15 0.40998±0.00955 -0.00010 0.00492±0.00012 0.00411±0.00121 0.16484±0.24652 0.03867 0.08580 0.12805 0.18730 0.02088 0.00910
8 10 0.77290±0.16850 -0.00006 0.00780±0.00019 0.00015±0.00013 0.98112±0.01659 0.00731 0.01480 0.00087 0.00127 0.00047 0.95475
8 11 0.66858±0.06204 -0.00317 0.00777±0.00019 0.00295±0.00066 0.62001±0.08508 0.05304 0.06583 0.00022 0.00033 0.00950 0.45829
8 12 0.50812±0.01112 -0.05946 0.01858±0.00046 0.01271±0.00118 0.31580±0.06581 0.02016 0.03660 0.02703 0.03953 0.01710 0.47618
8 13 0.46633±0.00831 -0.05594 0.03134±0.00078 0.02568±0.00185 0.18042±0.06241 0.02079 0.04517 0.01787 0.02614 0.02049 0.26865
8 14 0.45332±0.00861 -0.00860 0.03683±0.00092 0.03337±0.00205 0.09394±0.06001 0.02606 0.04870 0.00339 0.00496 0.02265 0.15480
8 15 0.43093±0.00881 -0.00137 0.02433±0.00061 0.02387±0.00348 0.01899±0.14522 0.03455 0.07719 0.06518 0.09533 0.02453 0.00858
8 16 0.41535±0.01093 -0.00002 0.00372±0.00009 0.00320±0.00099 0.13965±0.26656 0.04524 0.11463 0.13285 0.19431 0.02151 0.00000
9 11 0.48867±0.12370 -0.00003 0.00359±0.00009 0.00007±0.00004 0.98023±0.01010 0.00784 0.00632 0.00034 0.00050 0.00049 0.95284
9 12 0.59890±0.11577 0.00028 0.00650±0.00016 0.00021±0.00009 0.96775±0.01445 0.01105 0.00866 0.00189 0.00276 0.00081 0.95188
9 13 0.50318±0.08231 -0.00004 0.00888±0.00022 0.00025±0.00012 0.97134±0.01322 0.00817 0.00987 0.00178 0.00261 0.00072 0.95435
9 14 0.42393±0.04483 -0.00711 0.01432±0.00036 0.00389±0.00086 0.72861±0.06037 0.03687 0.03509 0.01792 0.02621 0.00678 0.90087
9 15 0.42807±0.01512 -0.01186 0.04095±0.00102 0.02982±0.00238 0.27182±0.06089 0.03740 0.04052 0.01034 0.01512 0.01820 0.67011
9 16 0.37661±0.00821 -0.00364 0.04773±0.00119 0.03969±0.00381 0.16845±0.08258 0.02936 0.04358 0.03398 0.04971 0.02079 0.28977
Table F.22: Pass 3 Target LD2, Energy 687, Octant 6, sbfil= 1.03200 ± 0.00500, r= -0.20577
203
CED FPD # m Ymeastot Y
sim






1 3 0.15069±0.00596 0.05005 0.01842±0.00046 0.00538±0.00160 0.70775±0.08710 0.01921 0.08460 0.00125 0.00201 0.00731 0.78783
1 4 0.13341±0.00484 0.03374 0.01140±0.00029 0.00311±0.00050 0.72693±0.04418 0.01646 0.04036 0.00121 0.00195 0.00683 0.74383
1 5 0.14105±0.00357 -0.01942 0.00728±0.00018 0.00328±0.00045 0.54867±0.06279 0.01792 0.02217 0.02887 0.04657 0.01128 0.61331
1 6 0.14895±0.00369 -0.05423 0.00612±0.00015 0.00448±0.00140 0.26699±0.23022 0.02544 0.04139 0.11818 0.19063 0.01833 0.55524
1 7 0.15744±0.00296 -0.01643 0.00760±0.00019 0.00663±0.00072 0.12800±0.09759 0.02608 0.05333 0.03916 0.06317 0.02180 0.11211
1 8 0.16373±0.00365 -0.00289 0.00392±0.00010 0.00376±0.00058 0.04088±0.14976 0.03810 0.08698 0.05970 0.09630 0.02398 0.04788
1 9 0.24606±0.00928 -0.00025 0.00137±0.00003 0.00147±0.00045 -0.07187±0.32990 0.08278 0.14785 0.14847 0.23950 0.02680 0.00023
2 4 0.14181±0.00657 0.01736 0.01128±0.00028 0.00302±0.00109 0.73201±0.09699 0.02243 0.08287 0.02352 0.03794 0.00670 0.80677
2 5 0.14936±0.00596 0.06490 0.01056±0.00026 0.00307±0.00054 0.70887±0.05165 0.01989 0.04490 0.00752 0.01214 0.00728 0.74888
2 6 0.16057±0.00443 -0.02390 0.00656±0.00016 0.00317±0.00027 0.51678±0.04230 0.02180 0.02989 0.00874 0.01409 0.01208 0.63494
2 7 0.17408±0.00391 -0.04936 0.00639±0.00016 0.00470±0.00135 0.26365±0.21245 0.02287 0.03705 0.10913 0.17604 0.01841 0.50709
2 8 0.18492±0.00366 -0.00733 0.00635±0.00016 0.00547±0.00070 0.13864±0.11181 0.02644 0.05022 0.04947 0.07980 0.02153 0.10056
2 9 0.18119±0.00403 -0.00096 0.00577±0.00014 0.00514±0.00083 0.10840±0.14643 0.03602 0.06698 0.06488 0.10466 0.02229 0.02427
2 10 0.18006±0.00579 -0.00002 0.00176±0.00004 0.00167±0.00099 0.05045±0.56259 0.06946 0.11159 0.28794 0.46449 0.02374 0.11051
3 5 0.12576±0.00537 0.02085 0.01111±0.00028 0.00290±0.00080 0.73880±0.07198 0.01893 0.06831 0.00560 0.00903 0.00653 0.77501
3 6 0.17355±0.00606 0.06396 0.01292±0.00032 0.00424±0.00063 0.67160±0.04938 0.01828 0.03837 0.01252 0.02020 0.00821 0.70298
3 7 0.16794±0.00396 -0.03030 0.00839±0.00021 0.00433±0.00096 0.48422±0.11469 0.01774 0.02693 0.05759 0.09290 0.01289 0.61661
3 8 0.18248±0.00409 -0.03722 0.00710±0.00018 0.00538±0.00124 0.24207±0.17563 0.02432 0.04447 0.08804 0.14202 0.01895 0.31915
3 9 0.20151±0.00404 -0.00861 0.00995±0.00025 0.00888±0.00081 0.10816±0.08433 0.02895 0.06662 0.01928 0.03110 0.02230 0.17863
3 10 0.20173±0.00457 -0.00072 0.00717±0.00018 0.00662±0.00151 0.07604±0.21168 0.04015 0.07191 0.10202 0.16457 0.02310 0.04942
3 11 0.20520±0.00552 0.00002 0.00236±0.00006 0.00185±0.00138 0.21554±0.58765 0.05389 0.09945 0.30366 0.48984 0.01961 0.00370
4 6 0.13062±0.00614 0.02030 0.00897±0.00022 0.00210±0.00060 0.76608±0.06688 0.01953 0.05458 0.01730 0.02790 0.00585 0.82220
4 7 0.19520±0.00619 -0.00568 0.01777±0.00044 0.00586±0.00064 0.66997±0.03702 0.01720 0.03077 0.00407 0.00657 0.00825 0.72321
4 8 0.21095±0.00518 -0.05505 0.01004±0.00025 0.00555±0.00082 0.44706±0.08242 0.02045 0.02951 0.03841 0.06195 0.01382 0.51156
4 9 0.22059±0.00439 -0.06232 0.01239±0.00031 0.00981±0.00203 0.20812±0.16526 0.02230 0.04400 0.08245 0.13300 0.01980 0.35091
4 10 0.23414±0.00427 -0.00945 0.01410±0.00035 0.01274±0.00091 0.09678±0.06859 0.02737 0.05841 0.00309 0.00499 0.02258 0.05035
4 11 0.25233±0.00524 -0.00135 0.01052±0.00026 0.00968±0.00230 0.07990±0.21980 0.03800 0.08054 0.10519 0.16968 0.02300 0.02265
4 12 0.24878±0.00595 0.00015 0.00239±0.00006 0.00199±0.00115 0.16611±0.48081 0.04932 0.13207 0.24195 0.39030 0.02085 0.01686
5 7 0.16202±0.00955 0.01505 0.00571±0.00014 0.00147±0.00031 0.74261±0.05525 0.02662 0.04191 0.01230 0.01985 0.00643 0.73515
5 8 0.21167±0.00713 0.01977 0.01309±0.00033 0.00438±0.00052 0.66502±0.04072 0.01962 0.02898 0.01004 0.01620 0.00837 0.69703
5 9 0.23378±0.00518 -0.06033 0.01150±0.00029 0.00654±0.00099 0.43163±0.08720 0.01863 0.02922 0.04149 0.06693 0.01421 0.63344
5 10 0.25229±0.00493 -0.04653 0.01310±0.00033 0.01045±0.00220 0.20268±0.16924 0.02133 0.04280 0.08489 0.13693 0.01993 0.32634
5 11 0.27539±0.00517 -0.00612 0.01604±0.00040 0.01417±0.00106 0.11683±0.06942 0.02802 0.05848 0.00592 0.00955 0.02208 0.11600
5 12 0.28613±0.00717 -0.00042 0.00796±0.00020 0.00742±0.00232 0.06795±0.29186 0.05041 0.08808 0.14366 0.23174 0.02330 0.24125
5 13 0.28843±0.00752 0.00000 0.00193±0.00005 0.00165±0.00082 0.14604±0.42622 0.05512 0.10878 0.21489 0.34664 0.02135 0.00540
6 8 0.24007±0.01643 0.00227 0.00299±0.00007 0.00072±0.00017 0.75856±0.05720 0.02741 0.04981 0.00085 0.00138 0.00604 0.70170
6 9 0.21484±0.00663 0.00290 0.01380±0.00034 0.00424±0.00042 0.69259±0.03106 0.01514 0.01910 0.00930 0.01500 0.00769 0.71362
6 10 0.27619±0.00533 -0.08593 0.01559±0.00039 0.00979±0.00110 0.37204±0.07225 0.01837 0.03295 0.03139 0.05064 0.01570 0.46368
6 11 0.29865±0.00538 -0.04729 0.02204±0.00055 0.01836±0.00236 0.16676±0.10930 0.02202 0.04187 0.05074 0.08185 0.02083 0.32097
6 12 0.32217±0.00617 -0.00316 0.01876±0.00047 0.01815±0.00148 0.03270±0.08227 0.03172 0.06855 0.01152 0.01858 0.02418 0.07567
6 13 0.34191±0.00791 -0.00029 0.00980±0.00025 0.00917±0.00179 0.06389±0.18422 0.04347 0.08005 0.08346 0.13463 0.02340 0.06726
6 14 0.32117±0.00973 0.00008 0.00292±0.00007 0.00253±0.00124 0.13259±0.42572 0.06596 0.16173 0.20424 0.32946 0.02169 0.01429
7 9 0.83335±0.14306 0.00029 0.00304±0.00008 0.00034±0.00038 0.88936±0.12454 0.05490 0.10827 0.01458 0.02353 0.00277 0.86884
7 10 0.30548±0.01317 -0.00791 0.00894±0.00022 0.00341±0.00039 0.61835±0.04481 0.02642 0.03221 0.00710 0.01146 0.00954 0.57057
7 11 0.31647±0.00675 -0.08897 0.01963±0.00049 0.01274±0.00174 0.35082±0.09017 0.01989 0.03007 0.04270 0.06888 0.01623 0.48483
7 12 0.33832±0.00618 -0.03401 0.02240±0.00056 0.02066±0.00296 0.07744±0.13417 0.02389 0.05605 0.06180 0.09969 0.02306 0.26572
7 13 0.36517±0.00736 -0.00244 0.01981±0.00050 0.01922±0.00150 0.03015±0.07936 0.03139 0.06262 0.01494 0.02409 0.02425 0.02182
7 14 0.37053±0.00839 -0.00057 0.01267±0.00032 0.01210±0.00249 0.04491±0.19785 0.04452 0.08465 0.09039 0.14581 0.02388 0.03877
7 15 0.37414±0.00910 -0.00010 0.00403±0.00010 0.00338±0.00129 0.16057±0.32208 0.05004 0.10629 0.15762 0.25426 0.02099 0.00910
8 10 0.61516±0.13253 -0.00006 0.00621±0.00016 0.00011±0.00011 0.98216±0.01843 0.00803 0.01646 0.00110 0.00177 0.00045 0.95475
8 11 0.57300±0.05324 -0.00320 0.00677±0.00017 0.00253±0.00063 0.62652±0.09294 0.05806 0.07197 0.00026 0.00042 0.00934 0.45829
8 12 0.39164±0.00845 -0.05992 0.01539±0.00038 0.01010±0.00117 0.34364±0.07755 0.02053 0.03783 0.03287 0.05303 0.01641 0.47618
8 13 0.36499±0.00648 -0.05638 0.02550±0.00064 0.02042±0.00173 0.19906±0.07063 0.02214 0.04830 0.02214 0.03571 0.02002 0.26865
8 14 0.37979±0.00728 -0.00866 0.03007±0.00075 0.02788±0.00191 0.07279±0.06773 0.03002 0.05555 0.00419 0.00676 0.02318 0.15480
8 15 0.40927±0.00853 -0.00139 0.02160±0.00054 0.02165±0.00373 -0.00244±0.17470 0.04186 0.09177 0.07399 0.11935 0.02506 0.00858
8 16 0.46492±0.01287 -0.00002 0.00384±0.00010 0.00323±0.00111 0.15865±0.28946 0.05745 0.13848 0.12999 0.20969 0.02103 0.00000
9 11 0.54395±0.13643 -0.00003 0.00400±0.00010 0.00008±0.00004 0.98048±0.01117 0.00864 0.00703 0.00031 0.00050 0.00049 0.95284
9 12 0.53682±0.10118 0.00028 0.00617±0.00015 0.00018±0.00009 0.97125±0.01500 0.01130 0.00907 0.00200 0.00323 0.00072 0.95188
9 13 0.43582±0.07025 -0.00004 0.00791±0.00020 0.00021±0.00011 0.97349±0.01431 0.00871 0.01067 0.00202 0.00326 0.00066 0.95435
9 14 0.36950±0.03912 -0.00717 0.01259±0.00031 0.00354±0.00086 0.71915±0.06870 0.04068 0.03867 0.02054 0.03314 0.00702 0.90087
9 15 0.37142±0.01318 -0.01195 0.03464±0.00087 0.02612±0.00233 0.24604±0.06980 0.04285 0.04620 0.01231 0.01986 0.01885 0.67011
9 16 0.34844±0.00767 -0.00367 0.04214±0.00105 0.03584±0.00404 0.14967±0.09818 0.03453 0.05076 0.03879 0.06257 0.02126 0.28977
Table F.23: Pass 3 Target LD2, Energy 687, Octant 7, sbfil= 1.02400 ± 0.00500, r= -0.39097
204
CED FPD # m Ymeastot Y
sim






1 3 0.29516±0.01136 0.05126 0.03741±0.00094 0.01058±0.00414 0.71724±0.11077 0.02383 0.10793 0.00063 0.00131 0.00707 0.78783
1 4 0.26195±0.01008 0.03455 0.01956±0.00049 0.00613±0.00130 0.68654±0.06706 0.02644 0.06110 0.00072 0.00151 0.00784 0.74383
1 5 0.30386±0.00761 -0.01989 0.01303±0.00033 0.00738±0.00077 0.43356±0.06080 0.02821 0.03528 0.01651 0.03440 0.01416 0.61331
1 6 0.29107±0.00700 -0.05554 0.01248±0.00031 0.00977±0.00187 0.21712±0.15132 0.03132 0.05242 0.05930 0.12357 0.01957 0.55524
1 7 0.25280±0.00470 -0.01683 0.01238±0.00031 0.01100±0.00119 0.11146±0.09844 0.03359 0.06952 0.02461 0.05128 0.02221 0.11211
1 8 0.17015±0.00381 -0.00296 0.00398±0.00010 0.00371±0.00075 0.06633±0.19093 0.05180 0.11775 0.06021 0.12545 0.02334 0.04788
1 9 0.27373±0.01286 -0.00026 0.00103±0.00003 0.00136±0.00060 -0.32187±0.58444 0.20108 0.28833 0.20152 0.41988 0.03305 0.00023
2 4 0.33462±0.01540 0.01778 0.02709±0.00068 0.00671±0.00309 0.75235±0.11410 0.02897 0.10772 0.01003 0.02090 0.00619 0.80677
2 5 0.30901±0.01307 0.06646 0.01927±0.00048 0.00624±0.00144 0.67614±0.07543 0.03159 0.06731 0.00422 0.00879 0.00810 0.74888
2 6 0.34527±0.00927 -0.02448 0.01232±0.00031 0.00691±0.00070 0.43925±0.05830 0.03214 0.04525 0.00476 0.00992 0.01402 0.63494
2 7 0.33538±0.00729 -0.05055 0.01282±0.00032 0.01019±0.00179 0.20560±0.14127 0.02809 0.04705 0.05568 0.11602 0.01986 0.50709
2 8 0.33119±0.00656 -0.00751 0.01136±0.00028 0.01029±0.00113 0.09444±0.10213 0.03502 0.06645 0.02829 0.05895 0.02264 0.10056
2 9 0.25197±0.00574 -0.00098 0.00779±0.00019 0.00670±0.00120 0.13971±0.15571 0.05021 0.09126 0.04921 0.10253 0.02151 0.02427
2 10 0.17045±0.00621 -0.00002 0.00145±0.00004 0.00116±0.00123 0.19583±0.85205 0.11961 0.16939 0.35748 0.74485 0.02010 0.11051
3 5 0.34620±0.01464 0.02135 0.03077±0.00077 0.00789±0.00287 0.74366±0.09351 0.02467 0.08984 0.00207 0.00432 0.00641 0.77501
3 6 0.35808±0.01324 0.06550 0.02347±0.00059 0.00903±0.00156 0.61533±0.06726 0.02909 0.05761 0.00706 0.01470 0.00962 0.70298
3 7 0.35174±0.00806 -0.03102 0.01580±0.00040 0.00987±0.00136 0.37516±0.08766 0.02535 0.03958 0.03129 0.06520 0.01562 0.61661
3 8 0.37464±0.00808 -0.03812 0.01515±0.00038 0.01217±0.00177 0.19650±0.11845 0.02980 0.05659 0.04225 0.08804 0.02009 0.31915
3 9 0.36127±0.00726 -0.00882 0.01772±0.00044 0.01625±0.00177 0.08294±0.10274 0.03870 0.08875 0.01109 0.02311 0.02293 0.17863
3 10 0.32890±0.00776 -0.00074 0.01078±0.00027 0.00964±0.00216 0.10613±0.20109 0.05989 0.10303 0.06941 0.14463 0.02235 0.04942
3 11 0.23033±0.00710 0.00002 0.00232±0.00006 0.00128±0.00174 0.44641±0.75143 0.09317 0.15003 0.31597 0.65836 0.01384 0.00370
4 6 0.40455±0.01946 0.02079 0.02760±0.00069 0.00620±0.00217 0.77539±0.07875 0.02662 0.07269 0.00576 0.01200 0.00562 0.82220
4 7 0.36376±0.01221 -0.00582 0.02915±0.00073 0.01105±0.00157 0.62089±0.05483 0.02733 0.04621 0.00254 0.00530 0.00948 0.72321
4 8 0.40841±0.00967 -0.05637 0.01733±0.00043 0.01151±0.00129 0.33626±0.07629 0.02925 0.04378 0.02278 0.04747 0.01659 0.51156
4 9 0.39409±0.00750 -0.06382 0.02340±0.00058 0.01946±0.00281 0.16808±0.12189 0.02667 0.05507 0.04472 0.09317 0.02080 0.35091
4 10 0.40118±0.00736 -0.00967 0.02412±0.00060 0.02191±0.00207 0.09151±0.08863 0.03647 0.07740 0.00185 0.00386 0.02271 0.05035
4 11 0.36474±0.00796 -0.00138 0.01359±0.00034 0.01205±0.00318 0.11290±0.23526 0.05915 0.11921 0.08339 0.17375 0.02218 0.02265
4 12 0.29088±0.00782 0.00016 0.00223±0.00006 0.00152±0.00147 0.31790±0.65745 0.09175 0.21865 0.26522 0.55262 0.01705 0.01686
5 7 0.55145±0.03456 0.01541 0.01806±0.00045 0.00482±0.00131 0.73332±0.07288 0.04029 0.05966 0.00398 0.00830 0.00667 0.73515
5 8 0.42073±0.01475 0.02024 0.02227±0.00056 0.00845±0.00126 0.62066±0.05731 0.03155 0.04477 0.00604 0.01259 0.00948 0.69703
5 9 0.40767±0.00873 -0.06178 0.01813±0.00045 0.01233±0.00145 0.31993±0.08177 0.02633 0.04274 0.02694 0.05614 0.01700 0.63344
5 10 0.41448±0.00791 -0.04765 0.02260±0.00056 0.01937±0.00296 0.14260±0.13276 0.02628 0.05393 0.05040 0.10501 0.02144 0.32634
5 11 0.38616±0.00733 -0.00627 0.02218±0.00055 0.01969±0.00195 0.11235±0.09050 0.03799 0.07844 0.00438 0.00913 0.02219 0.11600
5 12 0.36124±0.00960 -0.00043 0.00852±0.00021 0.00739±0.00303 0.13334±0.35669 0.08345 0.13742 0.13745 0.28638 0.02167 0.24125
5 13 0.32846±0.01022 0.00000 0.00157±0.00004 0.00122±0.00105 0.22209±0.66737 0.12169 0.20114 0.27012 0.56283 0.01945 0.00540
6 8 0.69921±0.04501 0.00232 0.00899±0.00022 0.00211±0.00065 0.76544±0.07203 0.03301 0.06375 0.00029 0.00061 0.00586 0.70170
6 9 0.41851±0.01261 0.00297 0.02470±0.00062 0.00852±0.00091 0.65511±0.03786 0.02127 0.02749 0.00532 0.01108 0.00862 0.71362
6 10 0.43631±0.00813 -0.08799 0.02296±0.00057 0.01649±0.00168 0.28174±0.07541 0.02516 0.04676 0.02183 0.04548 0.01796 0.46368
6 11 0.40731±0.00711 -0.04842 0.03194±0.00080 0.02723±0.00324 0.14750±0.10363 0.02655 0.05211 0.03585 0.07469 0.02131 0.32097
6 12 0.40740±0.00791 -0.00324 0.02313±0.00058 0.02253±0.00243 0.02583±0.10788 0.04361 0.09303 0.00957 0.01994 0.02435 0.07567
6 13 0.38792±0.00942 -0.00030 0.00959±0.00024 0.00889±0.00236 0.07361±0.24744 0.06997 0.12274 0.08732 0.18195 0.02316 0.06726
6 14 0.35116±0.01242 0.00009 0.00249±0.00006 0.00176±0.00160 0.29279±0.64218 0.13037 0.27378 0.24481 0.51010 0.01768 0.01429
7 9 0.88707±0.12898 0.00030 0.00377±0.00009 0.00017±0.00052 0.95501±0.13695 0.05291 0.12319 0.01207 0.02515 0.00112 0.86884
7 10 0.61906±0.02705 -0.00810 0.01694±0.00042 0.00710±0.00102 0.58060±0.06084 0.03789 0.04558 0.00384 0.00800 0.01049 0.57057
7 11 0.44968±0.00926 -0.09110 0.02712±0.00068 0.01991±0.00238 0.26586±0.08965 0.02612 0.04089 0.03164 0.06592 0.01835 0.48483
7 12 0.42909±0.00766 -0.03483 0.03012±0.00075 0.02906±0.00399 0.03521±0.13471 0.02909 0.06993 0.04706 0.09805 0.02412 0.26572
7 13 0.42856±0.00875 -0.00250 0.02290±0.00057 0.02316±0.00227 -0.01127±0.10232 0.04270 0.08410 0.01323 0.02757 0.02528 0.02182
7 14 0.40169±0.00944 -0.00058 0.01214±0.00030 0.01091±0.00323 0.10105±0.26685 0.06918 0.12671 0.09662 0.20132 0.02247 0.03877
7 15 0.38659±0.01074 -0.00010 0.00325±0.00008 0.00231±0.00164 0.28704±0.50617 0.09688 0.18016 0.20018 0.41710 0.01782 0.00910
8 10 0.58999±0.12094 -0.00006 0.00625±0.00016 0.00009±0.00014 0.98609±0.02301 0.00963 0.02074 0.00112 0.00232 0.00035 0.95475
8 11 0.95286±0.08787 -0.00327 0.01075±0.00027 0.00420±0.00137 0.60958±0.12809 0.07983 0.09969 0.00017 0.00035 0.00976 0.45829
8 12 0.59692±0.01215 -0.06136 0.02352±0.00059 0.01685±0.00178 0.28361±0.07784 0.02558 0.04992 0.02203 0.04590 0.01791 0.47618
8 13 0.45526±0.00787 -0.05773 0.03302±0.00083 0.02670±0.00259 0.19129±0.08114 0.02746 0.06152 0.01750 0.03647 0.02022 0.26865
8 14 0.42791±0.00823 -0.00887 0.03380±0.00084 0.03115±0.00285 0.07826±0.08733 0.03992 0.07364 0.00382 0.00795 0.02304 0.15480
8 15 0.44016±0.00950 -0.00142 0.02131±0.00053 0.01991±0.00490 0.06572±0.23122 0.06255 0.13232 0.07679 0.16000 0.02336 0.00858
8 16 0.53705±0.01730 -0.00002 0.00354±0.00009 0.00244±0.00149 0.30998±0.41983 0.11073 0.22927 0.14424 0.30055 0.01725 0.00000
9 11 0.47428±0.11230 -0.00003 0.00373±0.00009 0.00007±0.00005 0.98255±0.01332 0.01007 0.00868 0.00034 0.00071 0.00044 0.95284
9 12 0.55417±0.09641 0.00029 0.00666±0.00017 0.00015±0.00012 0.97743±0.01804 0.01319 0.01148 0.00190 0.00396 0.00056 0.95188
9 13 0.46901±0.07367 -0.00004 0.00858±0.00021 0.00019±0.00016 0.97788±0.01844 0.01114 0.01401 0.00191 0.00397 0.00055 0.95435
9 14 0.44442±0.04663 -0.00734 0.01520±0.00038 0.00481±0.00128 0.68382±0.08430 0.05313 0.05097 0.01743 0.03632 0.00790 0.90087
9 15 0.45885±0.01615 -0.01224 0.04396±0.00110 0.03321±0.00369 0.24463±0.08612 0.05473 0.05948 0.00994 0.02070 0.01888 0.67011
9 16 0.41474±0.00931 -0.00376 0.04959±0.00124 0.03940±0.00564 0.20541±0.11540 0.04714 0.06791 0.03376 0.07034 0.01986 0.28977
Table F.24: Pass 3 Target LD2, Energy 687, Octant 8, sbfil= 1.00000 ± 0.00500, r= -0.96435
205
CED FPD # m Ymeastot Y
sim






1 3 0.53026±0.00716 0.04500 0.06327±0.00158 0.05396±0.00383 0.14706±0.06421 0.01904 0.05450 0.00942 0.01571 0.02132 0.42368
1 4 0.51768±0.00615 0.17734 0.06286±0.00157 0.05123±0.00531 0.18495±0.08688 0.01307 0.04107 0.03735 0.06230 0.02038 0.36733
1 5 0.52693±0.00562 0.44624 0.11075±0.00277 0.10091±0.01252 0.08881±0.11528 0.01196 0.04321 0.05334 0.08897 0.02278 0.26968
1 6 0.54465±0.00527 0.41981 0.17558±0.00439 0.15983±0.01344 0.08968±0.07985 0.01261 0.04371 0.03165 0.05279 0.02276 0.05442
1 7 0.54322±0.00524 -0.22445 0.15997±0.00400 0.14103±0.00953 0.11836±0.06352 0.01654 0.04439 0.01858 0.03098 0.02204 0.02745
1 8 0.44874±0.00655 -0.30860 0.04896±0.00122 0.03992±0.00895 0.18461±0.18403 0.03010 0.07878 0.08345 0.13919 0.02038 0.00193
1 9 0.47385±0.01247 -0.08229 0.00768±0.00019 0.00641±0.00235 0.16585±0.30614 0.06835 0.11211 0.14181 0.23651 0.02085 0.02859
2 4 0.53225±0.00898 -0.01410 0.03926±0.00098 0.03223±0.00298 0.17904±0.07861 0.02500 0.07105 0.00475 0.00793 0.02052 0.40547
2 5 0.55105±0.00738 0.13403 0.05644±0.00141 0.04727±0.00446 0.16244±0.08181 0.01574 0.04763 0.03144 0.05243 0.02094 0.35153
2 6 0.56227±0.00625 0.47187 0.10183±0.00255 0.09561±0.01302 0.06113±0.13001 0.01181 0.04452 0.06134 0.10231 0.02347 0.09826
2 7 0.63289±0.00691 0.11860 0.17966±0.00449 0.16118±0.01151 0.10285±0.06790 0.01614 0.05965 0.00874 0.01458 0.02243 0.08521
2 8 0.60561±0.00655 -0.22996 0.12749±0.00319 0.11124±0.00947 0.12744±0.07739 0.01919 0.05467 0.02388 0.03983 0.02181 0.00232
2 9 0.54873±0.00575 -0.43587 0.06810±0.00170 0.05195±0.01285 0.23706±0.18960 0.02226 0.08907 0.08474 0.14133 0.01907 0.01715
2 10 0.50979±0.00906 -0.10488 0.00936±0.00023 0.00725±0.00310 0.22558±0.33193 0.04685 0.15604 0.14838 0.24747 0.01936 0.02472
3 5 0.60038±0.00965 -0.00968 0.04655±0.00116 0.03866±0.00339 0.16956±0.07583 0.02383 0.06872 0.00275 0.00459 0.02076 0.41736
3 6 0.61541±0.00726 0.13109 0.08000±0.00200 0.06617±0.00495 0.17285±0.06528 0.01443 0.04297 0.02169 0.03618 0.02068 0.31430
3 7 0.64245±0.00654 0.52753 0.16147±0.00404 0.15328±0.01616 0.05070±0.10286 0.01214 0.05287 0.04325 0.07214 0.02373 0.15250
3 8 0.66770±0.00689 0.13053 0.20467±0.00512 0.19104±0.01351 0.06658±0.07001 0.01590 0.06192 0.00844 0.01408 0.02334 0.05143
3 9 0.67661±0.00668 -0.35422 0.18819±0.00470 0.16231±0.01406 0.13751±0.07777 0.01775 0.05403 0.02492 0.04156 0.02156 0.00805
3 10 0.61787±0.00654 -0.42126 0.07075±0.00177 0.05219±0.01179 0.26242±0.16770 0.02242 0.06152 0.07882 0.13147 0.01844 0.00845
3 11 0.59696±0.00710 -0.09128 0.01089±0.00027 0.00610±0.00252 0.43931±0.23186 0.02502 0.07964 0.11100 0.18513 0.01402 0.00142
4 6 0.69109±0.01178 0.01174 0.04777±0.00119 0.03509±0.00336 0.26534±0.07269 0.02130 0.06673 0.00325 0.00542 0.01837 0.43021
4 7 0.68922±0.00715 0.26421 0.11750±0.00294 0.09850±0.00819 0.16168±0.07280 0.01163 0.03706 0.02977 0.04965 0.02096 0.30139
4 8 0.67580±0.00663 0.59883 0.18456±0.00461 0.17721±0.01757 0.03979±0.09817 0.01170 0.04412 0.04296 0.07164 0.02401 0.11414
4 9 0.71414±0.00616 0.30103 0.30200±0.00755 0.28683±0.01518 0.05021±0.05561 0.01299 0.04124 0.01320 0.02201 0.02374 0.01415
4 10 0.68926±0.00667 -0.52131 0.23001±0.00575 0.19668±0.01830 0.14493±0.08237 0.01788 0.05102 0.03001 0.05004 0.02138 0.00719
4 11 0.63610±0.00496 -0.52416 0.08168±0.00204 0.05242±0.01463 0.35824±0.17986 0.01588 0.06740 0.08496 0.14170 0.01604 0.01273
4 12 0.65169±0.00766 -0.06068 0.00950±0.00024 0.00400±0.00178 0.57945±0.18782 0.01960 0.08801 0.08455 0.14102 0.01051 0.02580
5 7 0.82370±0.01853 0.02039 0.03419±0.00085 0.02396±0.00285 0.29920±0.08523 0.02516 0.07803 0.00789 0.01317 0.01752 0.32871
5 8 0.73595±0.00878 0.21704 0.09220±0.00231 0.07822±0.00692 0.15172±0.07800 0.01311 0.04231 0.03116 0.05197 0.02121 0.17985
5 9 0.73180±0.00666 0.62200 0.20770±0.00519 0.20174±0.01848 0.02869±0.09222 0.01102 0.04300 0.03965 0.06612 0.02428 0.09244
5 10 0.72983±0.00674 0.22128 0.28782±0.00720 0.27474±0.01412 0.04545±0.05457 0.01430 0.04257 0.01018 0.01698 0.02386 0.03976
5 11 0.74063±0.00744 -0.67852 0.21053±0.00526 0.17690±0.02219 0.15975±0.10747 0.02016 0.06178 0.04267 0.07116 0.02101 0.01538
5 12 0.56181±0.00458 -0.31315 0.04628±0.00116 0.02331±0.00868 0.49629±0.18800 0.01412 0.06816 0.08957 0.14939 0.01259 0.02245
5 13 0.72384±0.01001 -0.03436 0.00790±0.00020 0.00236±0.00100 0.70156±0.12710 0.01698 0.05725 0.05757 0.09602 0.00746 0.01895
6 8 1.17763±0.03957 0.01071 0.02088±0.00052 0.01268±0.00222 0.39281±0.10742 0.03121 0.10080 0.00679 0.01132 0.01518 0.35194
6 9 0.81972±0.00951 0.36045 0.12098±0.00302 0.11001±0.01063 0.09068±0.09072 0.01214 0.04103 0.03944 0.06578 0.02273 0.21927
6 10 0.75644±0.00642 0.76099 0.28709±0.00718 0.27122±0.02198 0.05527±0.08011 0.01025 0.03313 0.03509 0.05853 0.02362 0.05853
6 11 0.79768±0.00649 -0.05564 0.40243±0.01006 0.38081±0.01765 0.05371±0.04984 0.01369 0.04153 0.00183 0.00305 0.02366 0.03897
6 12 0.73963±0.00658 -0.74409 0.19560±0.00489 0.15365±0.02287 0.21446±0.11855 0.01786 0.06131 0.05036 0.08399 0.01964 0.00248
6 13 0.67721±0.00578 -0.32517 0.04943±0.00124 0.02693±0.00923 0.45521±0.18718 0.01667 0.07674 0.08709 0.14526 0.01362 0.00000
6 14 0.72030±0.00920 -0.04729 0.01145±0.00029 0.00350±0.00150 0.69467±0.13143 0.01533 0.07534 0.05467 0.09118 0.00763 0.00000
7 9 4.13562±0.36986 -0.00502 0.01703±0.00043 0.00614±0.00366 0.63962±0.21519 0.08088 0.19907 0.00390 0.00651 0.00901 0.49397
7 10 0.94299±0.01240 0.26217 0.09381±0.00235 0.08387±0.00822 0.10589±0.09041 0.01285 0.04829 0.03700 0.06171 0.02235 0.13096
7 11 0.82137±0.00684 0.94607 0.36294±0.00907 0.34476±0.02742 0.05009±0.07918 0.00987 0.03324 0.03451 0.05756 0.02375 0.07265
7 12 0.81007±0.00710 -0.06919 0.36336±0.00908 0.33378±0.01527 0.08140±0.04789 0.01442 0.03916 0.00252 0.00420 0.02297 0.03735
7 13 0.82916±0.00839 -0.61876 0.19702±0.00493 0.15940±0.01885 0.19095±0.09781 0.02025 0.04701 0.04158 0.06935 0.02023 0.00000
7 14 0.77844±0.00901 -0.36362 0.06206±0.00155 0.03779±0.01057 0.39100±0.17100 0.02416 0.07532 0.07757 0.12937 0.01523 0.00000
7 15 0.71134±0.00630 -0.04258 0.01481±0.00037 0.00364±0.00128 0.75429±0.08667 0.00786 0.04401 0.03805 0.06346 0.00614 0.00000
8 10 1.65876±0.22840 -0.00043 0.00921±0.00023 0.00250±0.00190 0.72847±0.20594 0.06788 0.19431 0.00061 0.00102 0.00679 0.92990
8 11 1.40102±0.03212 0.12591 0.07012±0.00175 0.06274±0.00601 0.10521±0.08860 0.02304 0.06843 0.02377 0.03965 0.02237 0.46286
8 12 0.97368±0.01162 0.41936 0.30854±0.00771 0.29590±0.02292 0.04097±0.07807 0.01651 0.06342 0.01799 0.03001 0.02398 0.08355
8 13 0.87045±0.00797 -0.01005 0.41276±0.01032 0.37836±0.01958 0.08332±0.05269 0.01474 0.04509 0.00032 0.00054 0.02292 0.01926
8 14 0.83624±0.00742 -0.86222 0.30997±0.00775 0.25609±0.02796 0.17383±0.09254 0.01746 0.05200 0.03683 0.06142 0.02065 0.00000
8 15 0.74657±0.00796 -0.63921 0.10828±0.00271 0.07617±0.01927 0.29654±0.17880 0.02366 0.08947 0.07815 0.13035 0.01759 0.00058
8 16 0.72705±0.01055 -0.04291 0.01179±0.00029 0.00324±0.00158 0.72497±0.13419 0.01559 0.09455 0.04818 0.08035 0.00688 0.00899
9 11 2.24768±0.33305 -0.00348 0.00720±0.00018 0.00113±0.00163 0.84318±0.22643 0.07681 0.21261 0.00641 0.01069 0.00392 0.85955
9 12 1.67801±0.20040 -0.00308 0.00941±0.00024 0.00090±0.00061 0.90434±0.06516 0.03472 0.05444 0.00434 0.00723 0.00239 0.89406
9 13 1.98583±0.19017 -0.00353 0.01660±0.00042 0.00236±0.00098 0.85796±0.05932 0.03290 0.04893 0.00282 0.00470 0.00355 0.86247
9 14 1.66020±0.03765 -0.00808 0.14884±0.00372 0.12023±0.01452 0.19217±0.09965 0.03256 0.09198 0.00072 0.00120 0.02020 0.51804
9 15 1.01604±0.01014 -0.64933 0.42286±0.01057 0.35228±0.02783 0.16690±0.06902 0.01806 0.04941 0.02033 0.03391 0.02083 0.11863
9 16 0.86604±0.00688 -1.21151 0.37049±0.00926 0.24886±0.03507 0.32829±0.09615 0.01440 0.04084 0.04329 0.07220 0.01679 0.04287
Table F.25: Pass 3 Target LD2, Energy 362, Octant 1, sbfil= 1.00800 ± 0.00500, r= -0.63378.
206
CED FPD # m Ymeastot Y
sim






1 3 0.67194±0.00917 0.04482 0.07936±0.00198 0.06806±0.00460 0.14235±0.06176 0.01869 0.05295 0.00748 0.01204 0.02144 0.42368
1 4 0.66913±0.00810 0.17664 0.07959±0.00199 0.06498±0.00557 0.18355±0.07292 0.01310 0.04033 0.02938 0.04732 0.02041 0.36733
1 5 0.66705±0.00722 0.44448 0.13452±0.00336 0.12463±0.01269 0.07349±0.09715 0.01217 0.04331 0.04374 0.07045 0.02316 0.26968
1 6 0.66007±0.00642 0.41815 0.20627±0.00516 0.19080±0.01403 0.07499±0.07185 0.01259 0.04337 0.02684 0.04322 0.02313 0.05442
1 7 0.59582±0.00572 -0.22356 0.17191±0.00430 0.15609±0.00976 0.09206±0.06116 0.01617 0.04358 0.01722 0.02773 0.02270 0.02745
1 8 0.45712±0.00652 -0.30738 0.05024±0.00126 0.04214±0.00871 0.16119±0.17455 0.02809 0.07522 0.08100 0.13045 0.02097 0.00193
1 9 0.46232±0.01200 -0.08196 0.00713±0.00018 0.00665±0.00226 0.06736±0.31820 0.06815 0.11334 0.15217 0.24507 0.02332 0.02859
2 4 0.69532±0.01185 -0.01404 0.05095±0.00127 0.04221±0.00374 0.17149±0.07621 0.02445 0.06880 0.00365 0.00588 0.02071 0.40547
2 5 0.69283±0.00945 0.13350 0.06934±0.00173 0.05846±0.00479 0.15679±0.07230 0.01578 0.04689 0.02549 0.04105 0.02108 0.35153
2 6 0.68263±0.00774 0.47001 0.11881±0.00297 0.11271±0.01301 0.05138±0.11203 0.01204 0.04455 0.05237 0.08435 0.02372 0.09826
2 7 0.70545±0.00773 0.11813 0.19582±0.00490 0.17879±0.01227 0.08699±0.06668 0.01594 0.05867 0.00799 0.01286 0.02283 0.08521
2 8 0.64257±0.00690 -0.22905 0.13506±0.00338 0.11958±0.00948 0.11462±0.07357 0.01835 0.05267 0.02245 0.03616 0.02213 0.00232
2 9 0.56513±0.00584 -0.43415 0.07043±0.00176 0.05608±0.01253 0.20364±0.17903 0.02100 0.08531 0.08161 0.13144 0.01991 0.01715
2 10 0.55529±0.00963 -0.10447 0.00932±0.00023 0.00850±0.00307 0.08774±0.32999 0.04811 0.16412 0.14838 0.23897 0.02281 0.02472
3 5 0.70983±0.01156 -0.00964 0.05414±0.00135 0.04578±0.00386 0.15454±0.07442 0.02361 0.06718 0.00236 0.00380 0.02114 0.41736
3 6 0.71066±0.00853 0.13057 0.08951±0.00224 0.07544±0.00520 0.15718±0.06178 0.01457 0.04266 0.01931 0.03110 0.02107 0.31430
3 7 0.70779±0.00730 0.52544 0.17131±0.00428 0.16496±0.01613 0.03705±0.09718 0.01230 0.05280 0.04061 0.06540 0.02407 0.15250
3 8 0.71311±0.00739 0.13001 0.21460±0.00536 0.20306±0.01383 0.05379±0.06867 0.01564 0.06066 0.00802 0.01292 0.02366 0.05143
3 9 0.69932±0.00685 -0.35282 0.19508±0.00488 0.17035±0.01384 0.12680±0.07421 0.01688 0.05181 0.02394 0.03856 0.02183 0.00805
3 10 0.66561±0.00694 -0.41960 0.07564±0.00189 0.05915±0.01157 0.21802±0.15419 0.02139 0.05962 0.07344 0.11827 0.01955 0.00845
3 11 0.58229±0.00670 -0.09092 0.01026±0.00026 0.00651±0.00244 0.36560±0.23781 0.02410 0.07926 0.11729 0.18890 0.01586 0.00142
4 6 0.75055±0.01300 0.01169 0.04971±0.00124 0.03802±0.00351 0.23519±0.07320 0.02173 0.06698 0.00311 0.00501 0.01912 0.43021
4 7 0.73142±0.00772 0.26317 0.11981±0.00300 0.10251±0.00809 0.14438±0.07081 0.01185 0.03710 0.02908 0.04684 0.02139 0.30139
4 8 0.72197±0.00720 0.59646 0.19035±0.00476 0.18479±0.01730 0.02918±0.09405 0.01184 0.04395 0.04148 0.06681 0.02427 0.11414
4 9 0.75437±0.00655 0.29984 0.31616±0.00790 0.30061±0.01526 0.04918±0.05380 0.01267 0.04002 0.01256 0.02022 0.02377 0.01415
4 10 0.73103±0.00701 -0.51925 0.24591±0.00615 0.21258±0.01818 0.13552±0.07701 0.01690 0.04868 0.02795 0.04502 0.02161 0.00719
4 11 0.62004±0.00478 -0.52209 0.08058±0.00201 0.05449±0.01413 0.32371±0.17622 0.01492 0.06405 0.08578 0.13815 0.01691 0.01273
4 12 0.59844±0.00687 -0.06044 0.00845±0.00021 0.00405±0.00169 0.52079±0.20093 0.01902 0.08741 0.09470 0.15251 0.01198 0.02580
5 7 0.83053±0.01899 0.02031 0.03321±0.00083 0.02398±0.00277 0.27774±0.08535 0.02552 0.07792 0.00810 0.01304 0.01806 0.32871
5 8 0.76886±0.00935 0.21618 0.09253±0.00231 0.07997±0.00681 0.13576±0.07667 0.01338 0.04237 0.03093 0.04981 0.02161 0.17985
5 9 0.74995±0.00692 0.61954 0.20509±0.00513 0.20186±0.01801 0.01572±0.09122 0.01115 0.04293 0.03999 0.06441 0.02461 0.09244
5 10 0.76564±0.00709 0.22041 0.29902±0.00748 0.28645±0.01417 0.04204±0.05309 0.01391 0.04134 0.00976 0.01572 0.02395 0.03976
5 11 0.72354±0.00717 -0.67584 0.20878±0.00522 0.17796±0.02127 0.14765±0.10409 0.01883 0.05854 0.04285 0.06902 0.02131 0.01538
5 12 0.49454±0.00400 -0.31191 0.04132±0.00103 0.02214±0.00829 0.46407±0.20108 0.01330 0.06464 0.09995 0.16096 0.01340 0.02245
5 13 0.58198±0.00783 -0.03422 0.00620±0.00015 0.00211±0.00093 0.66020±0.15081 0.01629 0.05646 0.07313 0.11778 0.00850 0.01895
6 8 1.02515±0.03501 0.01066 0.01755±0.00044 0.01092±0.00187 0.37765±0.10750 0.03159 0.10042 0.00805 0.01296 0.01556 0.35194
6 9 0.77158±0.00913 0.35902 0.10907±0.00273 0.10064±0.01016 0.07725±0.09597 0.01244 0.04120 0.04358 0.07019 0.02307 0.21927
6 10 0.76376±0.00658 0.75798 0.28122±0.00703 0.26776±0.02134 0.04784±0.07955 0.01031 0.03284 0.03568 0.05747 0.02380 0.05853
6 11 0.77183±0.00626 -0.05542 0.38954±0.00974 0.36892±0.01643 0.05293±0.04837 0.01313 0.03993 0.00188 0.00303 0.02368 0.03897
6 12 0.66672±0.00585 -0.74115 0.18101±0.00453 0.14370±0.02152 0.20614±0.12052 0.01649 0.05744 0.05421 0.08730 0.01985 0.00248
6 13 0.56019±0.00479 -0.32388 0.04090±0.00102 0.02418±0.00870 0.40872±0.21313 0.01604 0.07379 0.10484 0.16885 0.01478 0.00000
6 14 0.58775±0.00734 -0.04711 0.00905±0.00023 0.00314±0.00137 0.65239±0.15161 0.01491 0.07487 0.06895 0.11104 0.00869 0.00000
7 9 2.02124±0.18027 -0.00500 0.00810±0.00020 0.00311±0.00172 0.61637±0.21318 0.07976 0.19685 0.00817 0.01316 0.00959 0.49397
7 10 0.90941±0.01224 0.26113 0.08706±0.00218 0.07839±0.00787 0.09953±0.09315 0.01314 0.04827 0.03971 0.06396 0.02251 0.13096
7 11 0.79830±0.00674 0.94233 0.34532±0.00863 0.32718±0.02642 0.05254±0.08009 0.00983 0.03266 0.03613 0.05818 0.02369 0.07265
7 12 0.76602±0.00671 -0.06892 0.34356±0.00859 0.31619±0.01390 0.07968±0.04654 0.01385 0.03767 0.00266 0.00428 0.02301 0.03735
7 13 0.73447±0.00734 -0.61632 0.17681±0.00442 0.14595±0.01769 0.17454±0.10213 0.01899 0.04463 0.04615 0.07432 0.02064 0.00000
7 14 0.67242±0.00768 -0.36218 0.05219±0.00130 0.03521±0.00996 0.32537±0.19162 0.02358 0.07441 0.09188 0.14798 0.01687 0.00000
7 15 0.53574±0.00472 -0.04241 0.01074±0.00027 0.00298±0.00117 0.72245±0.10895 0.00781 0.04398 0.05229 0.08422 0.00694 0.00000
8 10 1.48815±0.20516 -0.00042 0.00814±0.00020 0.00225±0.00164 0.72344±0.20119 0.06638 0.18979 0.00069 0.00111 0.00691 0.92990
8 11 1.25172±0.02912 0.12541 0.06023±0.00151 0.05440±0.00537 0.09671±0.09205 0.02339 0.06845 0.02757 0.04440 0.02258 0.46286
8 12 0.92329±0.01109 0.41770 0.28831±0.00721 0.27654±0.02122 0.04084±0.07741 0.01623 0.06190 0.01918 0.03089 0.02398 0.08355
8 13 0.82715±0.00758 -0.01001 0.39140±0.00979 0.35963±0.01790 0.08117±0.05118 0.01423 0.04346 0.00034 0.00055 0.02297 0.01926
8 14 0.75913±0.00668 -0.85882 0.28357±0.00709 0.23933±0.02617 0.15602±0.09466 0.01654 0.04963 0.04010 0.06457 0.02110 0.00000
8 15 0.68591±0.00723 -0.63669 0.09946±0.00249 0.07457±0.01827 0.25025±0.18460 0.02251 0.08607 0.08475 0.13649 0.01874 0.00058
8 16 0.64820±0.00944 -0.04274 0.00986±0.00025 0.00318±0.00145 0.67727±0.14681 0.01605 0.09695 0.05738 0.09242 0.00807 0.00899
9 11 1.92098±0.28440 -0.00347 0.00601±0.00015 0.00103±0.00134 0.82776±0.22314 0.07559 0.20940 0.00765 0.01232 0.00431 0.85955
9 12 1.55524±0.18608 -0.00307 0.00866±0.00022 0.00088±0.00055 0.89783±0.06328 0.03370 0.05275 0.00470 0.00756 0.00255 0.89406
9 13 1.71212±0.16538 -0.00352 0.01359±0.00034 0.00210±0.00082 0.84568±0.06039 0.03363 0.04959 0.00343 0.00553 0.00386 0.86247
9 14 1.36562±0.03103 -0.00805 0.12013±0.00300 0.09901±0.01149 0.17576±0.09787 0.03198 0.09016 0.00089 0.00143 0.02061 0.51804
9 15 0.92599±0.00918 -0.64676 0.38727±0.00968 0.32736±0.02536 0.15471±0.06881 0.01717 0.04729 0.02211 0.03561 0.02113 0.11863
9 16 0.74763±0.00584 -1.20672 0.31526±0.00788 0.22431±0.03308 0.28848±0.10641 0.01381 0.03985 0.05067 0.08161 0.01779 0.04287
Table F.26: Pass 3 Target LD2, Energy 362, Octant 2, sbfil= 1.01200 ± 0.00500, r= -0.58187
207
CED FPD # m Ymeastot Y
sim






1 3 0.52442±0.00732 0.04439 0.06200±0.00155 0.05251±0.00332 0.15298±0.05758 0.01728 0.04780 0.00948 0.01393 0.02118 0.42368
1 4 0.53782±0.00684 0.17492 0.06220±0.00155 0.04977±0.00480 0.19988±0.07968 0.01279 0.03748 0.03723 0.05472 0.02000 0.36733
1 5 0.52603±0.00593 0.44013 0.10302±0.00258 0.09223±0.01123 0.10473±0.11124 0.01180 0.04030 0.05656 0.08313 0.02238 0.26968
1 6 0.52238±0.00518 0.41406 0.16264±0.00407 0.14534±0.01181 0.10635±0.07597 0.01163 0.03933 0.03370 0.04954 0.02234 0.05442
1 7 0.53664±0.00510 -0.22138 0.16016±0.00400 0.14369±0.00833 0.10284±0.05662 0.01398 0.03807 0.01830 0.02689 0.02243 0.02745
1 8 0.46071±0.00624 -0.30437 0.05415±0.00135 0.04614±0.00804 0.14789±0.15001 0.02254 0.06356 0.07442 0.10937 0.02130 0.00193
1 9 0.54038±0.01245 -0.08116 0.01019±0.00025 0.00892±0.00214 0.12460±0.21125 0.04472 0.08377 0.10544 0.15496 0.02188 0.02859
2 4 0.51978±0.00906 -0.01390 0.03815±0.00095 0.03174±0.00254 0.16799±0.06975 0.02254 0.06206 0.00482 0.00709 0.02080 0.40547
2 5 0.56996±0.00814 0.13219 0.05565±0.00139 0.04612±0.00403 0.17110±0.07533 0.01529 0.04343 0.03145 0.04622 0.02072 0.35153
2 6 0.54693±0.00650 0.46541 0.09131±0.00228 0.08364±0.01165 0.08397±0.12968 0.01190 0.04197 0.06748 0.09918 0.02290 0.09826
2 7 0.61849±0.00685 0.11697 0.17097±0.00427 0.15485±0.00983 0.09425±0.06181 0.01461 0.05324 0.00906 0.01331 0.02264 0.08521
2 8 0.58014±0.00608 -0.22681 0.12614±0.00315 0.11140±0.00813 0.11685±0.06811 0.01565 0.04601 0.02380 0.03498 0.02208 0.00232
2 9 0.55040±0.00536 -0.42990 0.07322±0.00183 0.06081±0.01148 0.16942±0.15818 0.01677 0.07222 0.07773 0.11424 0.02076 0.01715
2 10 0.55292±0.00873 -0.10345 0.01185±0.00030 0.00996±0.00282 0.15889±0.23905 0.03098 0.11620 0.11561 0.16992 0.02103 0.02472
3 5 0.55478±0.00932 -0.00955 0.04180±0.00105 0.03592±0.00274 0.14085±0.06902 0.02229 0.06145 0.00302 0.00444 0.02148 0.41736
3 6 0.59215±0.00742 0.12929 0.07250±0.00181 0.06086±0.00431 0.16060±0.06304 0.01415 0.03965 0.02361 0.03470 0.02099 0.31430
3 7 0.62259±0.00665 0.52030 0.14492±0.00362 0.13663±0.01431 0.05720±0.10148 0.01196 0.04961 0.04753 0.06986 0.02357 0.15250
3 8 0.63970±0.00668 0.12874 0.19333±0.00483 0.18000±0.01132 0.06894±0.06299 0.01419 0.05458 0.00882 0.01296 0.02328 0.05143
3 9 0.65060±0.00622 -0.34937 0.18845±0.00471 0.16443±0.01213 0.12745±0.06796 0.01434 0.04509 0.02454 0.03607 0.02181 0.00805
3 10 0.59370±0.00589 -0.41549 0.07673±0.00192 0.05922±0.01051 0.22831±0.13826 0.01617 0.04737 0.07168 0.10535 0.01929 0.00845
3 11 0.59171±0.00625 -0.09003 0.01288±0.00032 0.00801±0.00226 0.37827±0.17582 0.01618 0.05798 0.09252 0.13597 0.01554 0.00142
4 6 0.57616±0.01041 0.01157 0.03742±0.00094 0.02901±0.00245 0.22465±0.06837 0.02088 0.06173 0.00410 0.00602 0.01938 0.43021
4 7 0.65249±0.00721 0.26059 0.10370±0.00259 0.08700±0.00720 0.16106±0.07256 0.01155 0.03455 0.03327 0.04890 0.02097 0.30139
4 8 0.65445±0.00678 0.59062 0.16647±0.00416 0.15740±0.01562 0.05447±0.09674 0.01151 0.04117 0.04697 0.06903 0.02364 0.11414
4 9 0.69289±0.00609 0.29690 0.28976±0.00724 0.27073±0.01306 0.06567±0.05075 0.01162 0.03625 0.01357 0.01994 0.02336 0.01415
4 10 0.66315±0.00619 -0.51417 0.23290±0.00582 0.20176±0.01593 0.13370±0.07174 0.01425 0.04213 0.02923 0.04295 0.02166 0.00719
4 11 0.58851±0.00425 -0.51698 0.08779±0.00219 0.05968±0.01298 0.32012±0.14886 0.01100 0.05042 0.07797 0.11459 0.01700 0.01273
4 12 0.59311±0.00634 -0.05985 0.01027±0.00026 0.00494±0.00156 0.51883±0.15255 0.01306 0.06440 0.07715 0.11338 0.01203 0.02580
5 7 0.67262±0.01606 0.02011 0.02601±0.00065 0.01907±0.00206 0.26674±0.08117 0.02491 0.07281 0.01024 0.01504 0.01833 0.32871
5 8 0.71184±0.00912 0.21406 0.08247±0.00206 0.07005±0.00611 0.15060±0.07706 0.01322 0.03977 0.03436 0.05050 0.02123 0.17985
5 9 0.71452±0.00681 0.61348 0.19026±0.00476 0.18086±0.01643 0.04942±0.08958 0.01069 0.03984 0.04269 0.06274 0.02376 0.09244
5 10 0.69262±0.00643 0.21825 0.27321±0.00683 0.25518±0.01184 0.06600±0.04922 0.01248 0.03699 0.01058 0.01554 0.02335 0.03976
5 11 0.69747±0.00664 -0.66923 0.21312±0.00533 0.18376±0.01929 0.13778±0.09306 0.01544 0.04995 0.04157 0.06110 0.02156 0.01538
5 12 0.49337±0.00375 -0.30886 0.04794±0.00120 0.02608±0.00767 0.45602±0.16060 0.00972 0.05023 0.08530 0.12536 0.01360 0.02245
5 13 0.62856±0.00777 -0.03389 0.00795±0.00020 0.00283±0.00087 0.64370±0.11014 0.01139 0.04297 0.05646 0.08299 0.00891 0.01895
6 8 0.90641±0.03237 0.01056 0.01515±0.00038 0.00940±0.00150 0.37934±0.10038 0.03057 0.09290 0.00923 0.01356 0.01552 0.35194
6 9 0.74803±0.00931 0.35551 0.10185±0.00255 0.09061±0.00933 0.11038±0.09427 0.01227 0.03865 0.04621 0.06791 0.02224 0.21927
6 10 0.73654±0.00658 0.75057 0.26179±0.00654 0.24376±0.01959 0.06889±0.07836 0.01001 0.03074 0.03796 0.05578 0.02328 0.05853
6 11 0.77126±0.00621 -0.05487 0.39400±0.00985 0.36976±0.01483 0.06152±0.04435 0.01163 0.03564 0.00184 0.00271 0.02346 0.03897
6 12 0.68546±0.00567 -0.73390 0.20042±0.00501 0.16090±0.01996 0.19719±0.10160 0.01306 0.04819 0.04848 0.07125 0.02007 0.00248
6 13 0.61241±0.00486 -0.32072 0.05225±0.00131 0.03157±0.00814 0.39569±0.15647 0.01152 0.05706 0.08126 0.11943 0.01511 0.00000
6 14 0.63993±0.00735 -0.04665 0.01139±0.00028 0.00420±0.00129 0.63084±0.11363 0.01071 0.05850 0.05422 0.07969 0.00923 0.00000
7 9 2.64553±0.23924 -0.00495 0.01081±0.00027 0.00441±0.00204 0.59224±0.18910 0.07164 0.17438 0.00606 0.00891 0.01019 0.49397
7 10 0.80228±0.01144 0.25858 0.07326±0.00183 0.06373±0.00701 0.13010±0.09817 0.01319 0.04572 0.04673 0.06868 0.02175 0.13096
7 11 0.80135±0.00699 0.93311 0.33424±0.00836 0.30886±0.02443 0.07593±0.07667 0.00953 0.03061 0.03696 0.05432 0.02310 0.07265
7 12 0.79367±0.00689 -0.06825 0.36042±0.00901 0.32902±0.01300 0.08715±0.04268 0.01226 0.03362 0.00251 0.00368 0.02282 0.03735
7 13 0.78951±0.00750 -0.61029 0.20528±0.00513 0.16950±0.01657 0.17431±0.08333 0.01510 0.03734 0.03936 0.05785 0.02064 0.00000
7 14 0.71683±0.00767 -0.35864 0.06548±0.00164 0.04426±0.00930 0.32410±0.14301 0.01696 0.05713 0.07251 0.10657 0.01690 0.00000
7 15 0.63016±0.00503 -0.04199 0.01463±0.00037 0.00420±0.00111 0.71305±0.07631 0.00553 0.03431 0.03801 0.05586 0.00717 0.00000
8 10 1.50918±0.21159 -0.00042 0.00823±0.00021 0.00230±0.00150 0.72072±0.18263 0.06116 0.17194 0.00067 0.00099 0.00698 0.92990
8 11 1.16112±0.02797 0.12418 0.05522±0.00138 0.04669±0.00469 0.15449±0.08748 0.02213 0.06258 0.02977 0.04375 0.02114 0.46286
8 12 0.90036±0.01099 0.41361 0.27758±0.00694 0.25993±0.01896 0.06360±0.07222 0.01509 0.05666 0.01973 0.02899 0.02341 0.08355
8 13 0.84080±0.00770 -0.00992 0.40089±0.01002 0.36578±0.01644 0.08757±0.04693 0.01276 0.03897 0.00033 0.00048 0.02281 0.01926
8 14 0.79607±0.00678 -0.85041 0.31493±0.00787 0.26868±0.02443 0.14686±0.08045 0.01365 0.04235 0.03575 0.05254 0.02133 0.00000
8 15 0.72940±0.00724 -0.63046 0.12238±0.00306 0.09133±0.01709 0.25372±0.14085 0.01656 0.06722 0.06820 0.10023 0.01866 0.00058
8 16 0.71780±0.00958 -0.04232 0.01293±0.00032 0.00432±0.00139 0.66590±0.10774 0.01123 0.07400 0.04334 0.06370 0.00835 0.00899
9 11 2.14061±0.31086 -0.00344 0.00701±0.00018 0.00135±0.00135 0.80811±0.19206 0.06397 0.18066 0.00649 0.00953 0.00480 0.85955
9 12 1.66510±0.19796 -0.00304 0.00934±0.00023 0.00108±0.00053 0.88441±0.05664 0.03004 0.04731 0.00431 0.00634 0.00289 0.89406
9 13 1.83608±0.17735 -0.00349 0.01484±0.00037 0.00242±0.00079 0.83720±0.05360 0.02984 0.04399 0.00311 0.00457 0.00407 0.86247
9 14 1.31696±0.02998 -0.00797 0.11488±0.00287 0.09576±0.01002 0.16643±0.08966 0.02920 0.08216 0.00092 0.00135 0.02084 0.51804
9 15 0.92729±0.00901 -0.64044 0.39969±0.00999 0.34335±0.02316 0.14096±0.06181 0.01475 0.04146 0.02121 0.03118 0.02148 0.11863
9 16 0.78764±0.00588 -1.19491 0.36516±0.00913 0.26094±0.03081 0.28541±0.08626 0.01085 0.03275 0.04332 0.06367 0.01786 0.04287
Table F.27: Pass 3 Target LD2, Energy 362, Octant 3, sbfil= 1.02200 ± 0.00500, r= -0.45387
208
CED FPD # m Ymeastot Y
sim






1 3 0.57033±0.00756 0.04396 0.06509±0.00163 0.05646±0.00321 0.13253±0.05389 0.01526 0.04449 0.00894 0.01192 0.02169 0.42368
1 4 0.60424±0.00734 0.17322 0.06705±0.00168 0.05320±0.00455 0.20652±0.07075 0.01143 0.03509 0.03420 0.04560 0.01984 0.36733
1 5 0.54767±0.00629 0.43586 0.09853±0.00246 0.08984±0.01044 0.08821±0.10834 0.01174 0.03942 0.05856 0.07808 0.02279 0.26968
1 6 0.56900±0.00575 0.41005 0.16808±0.00420 0.15227±0.01116 0.09409±0.07017 0.01122 0.03724 0.03230 0.04306 0.02265 0.05442
1 7 0.55652±0.00531 -0.21923 0.16569±0.00414 0.15218±0.00775 0.08154±0.05210 0.01263 0.03428 0.01752 0.02336 0.02296 0.02745
1 8 0.47133±0.00614 -0.30142 0.05828±0.00146 0.05088±0.00744 0.12686±0.12957 0.01851 0.05428 0.06847 0.09130 0.02183 0.00193
1 9 0.45535±0.00958 -0.08037 0.00979±0.00024 0.00847±0.00191 0.13571±0.19657 0.03218 0.06598 0.10864 0.14485 0.02161 0.02859
2 4 0.58548±0.01016 -0.01377 0.04178±0.00104 0.03596±0.00257 0.13917±0.06508 0.02075 0.05735 0.00436 0.00582 0.02152 0.40547
2 5 0.61886±0.00836 0.13091 0.05789±0.00145 0.04798±0.00381 0.17108±0.06901 0.01357 0.04072 0.02994 0.03992 0.02072 0.35153
2 6 0.64313±0.00800 0.46090 0.09789±0.00245 0.09067±0.01101 0.07373±0.11485 0.01228 0.04136 0.06233 0.08311 0.02316 0.09826
2 7 0.66670±0.00792 0.11584 0.17594±0.00440 0.16492±0.00954 0.06263±0.05906 0.01475 0.05010 0.00872 0.01162 0.02343 0.08521
2 8 0.63060±0.00714 -0.22461 0.13537±0.00338 0.12476±0.00781 0.07840±0.06213 0.01537 0.04186 0.02197 0.02929 0.02304 0.00232
2 9 0.59411±0.00729 -0.42573 0.07692±0.00192 0.07220±0.01081 0.06142±0.14244 0.01951 0.06666 0.07327 0.09770 0.02346 0.01715
2 10 0.57748±0.00831 -0.10245 0.01206±0.00030 0.01194±0.00262 0.01021±0.21880 0.02602 0.10708 0.11244 0.14992 0.02474 0.02472
3 5 0.60175±0.01032 -0.00945 0.04386±0.00110 0.03910±0.00268 0.10836±0.06500 0.02113 0.05708 0.00285 0.00380 0.02229 0.41736
3 6 0.66862±0.00797 0.12804 0.07900±0.00198 0.06650±0.00418 0.15827±0.05693 0.01253 0.03691 0.02146 0.02861 0.02104 0.31430
3 7 0.67298±0.00749 0.51526 0.14696±0.00367 0.13871±0.01346 0.05614±0.09456 0.01193 0.04751 0.04642 0.06189 0.02360 0.15250
3 8 0.68534±0.00739 0.12749 0.20029±0.00501 0.19058±0.01089 0.04846±0.05933 0.01361 0.05071 0.00843 0.01124 0.02379 0.05143
3 9 0.66967±0.00695 -0.34599 0.19205±0.00480 0.17525±0.01129 0.08748±0.06304 0.01412 0.04092 0.02385 0.03180 0.02281 0.00805
3 10 0.63588±0.00692 -0.41146 0.07843±0.00196 0.07020±0.00982 0.10492±0.12715 0.01670 0.04460 0.06945 0.09260 0.02238 0.00845
3 11 0.55920±0.00538 -0.08916 0.01196±0.00030 0.00886±0.00207 0.25897±0.17436 0.01347 0.05303 0.09871 0.13161 0.01853 0.00142
4 6 0.54508±0.00966 0.01146 0.03426±0.00086 0.02728±0.00208 0.20371±0.06399 0.01900 0.05729 0.00443 0.00590 0.01991 0.43021
4 7 0.67474±0.00750 0.25807 0.10172±0.00254 0.08545±0.00669 0.15997±0.06904 0.01102 0.03272 0.03359 0.04478 0.02100 0.30139
4 8 0.68005±0.00728 0.58490 0.16004±0.00400 0.15325±0.01452 0.04244±0.09385 0.01156 0.03997 0.04838 0.06451 0.02394 0.11414
4 9 0.69563±0.00632 0.29402 0.28248±0.00706 0.26650±0.01190 0.05655±0.04829 0.01111 0.03354 0.01378 0.01837 0.02359 0.01415
4 10 0.66194±0.00609 -0.50919 0.23695±0.00592 0.21013±0.01457 0.11319±0.06536 0.01237 0.03714 0.02845 0.03793 0.02217 0.00719
4 11 0.61879±0.00517 -0.51197 0.08831±0.00221 0.07096±0.01209 0.19647±0.13838 0.01196 0.04735 0.07675 0.10233 0.02009 0.01273
4 12 0.58203±0.00595 -0.05927 0.01046±0.00026 0.00574±0.00144 0.45114±0.13795 0.01080 0.05573 0.07499 0.09998 0.01372 0.02580
5 7 0.55536±0.01082 0.01991 0.02226±0.00056 0.01546±0.00152 0.30558±0.07058 0.01761 0.06310 0.01184 0.01579 0.01736 0.32871
5 8 0.71780±0.00865 0.21199 0.07945±0.00199 0.06669±0.00562 0.16060±0.07377 0.01171 0.03739 0.03532 0.04709 0.02099 0.17985
5 9 0.71814±0.00717 0.60753 0.17768±0.00444 0.17047±0.01517 0.04057±0.08870 0.01084 0.03852 0.04527 0.06035 0.02399 0.09244
5 10 0.71455±0.00691 0.21614 0.27536±0.00688 0.25925±0.01101 0.05850±0.04641 0.01196 0.03401 0.01039 0.01385 0.02354 0.03976
5 11 0.65680±0.00602 -0.66274 0.20951±0.00524 0.18432±0.01738 0.12025±0.08583 0.01280 0.04299 0.04188 0.05584 0.02199 0.01538
5 12 0.52514±0.00443 -0.30586 0.04977±0.00124 0.03192±0.00715 0.35873±0.14450 0.00992 0.04626 0.08136 0.10847 0.01603 0.02245
5 13 0.56140±0.00661 -0.03356 0.00755±0.00019 0.00302±0.00079 0.60045±0.10544 0.00916 0.03628 0.05885 0.07846 0.00999 0.01895
6 8 0.70144±0.02183 0.01046 0.01194±0.00030 0.00709±0.00104 0.40652±0.08866 0.02350 0.08195 0.01159 0.01546 0.01484 0.35194
6 9 0.69562±0.00888 0.35206 0.08832±0.00221 0.07792±0.00850 0.11779±0.09877 0.01212 0.03724 0.05277 0.07036 0.02206 0.21927
6 10 0.72696±0.00695 0.74329 0.24276±0.00607 0.22659±0.01806 0.06661±0.07796 0.01023 0.02940 0.04054 0.05405 0.02333 0.05853
6 11 0.71954±0.00624 -0.05434 0.36553±0.00914 0.34598±0.01253 0.05350±0.04166 0.01132 0.03220 0.00197 0.00262 0.02366 0.03897
6 12 0.67638±0.00618 -0.72679 0.19696±0.00492 0.17150±0.01836 0.12927±0.09571 0.01299 0.04347 0.04885 0.06513 0.02177 0.00248
6 13 0.57941±0.00483 -0.31761 0.05084±0.00127 0.03464±0.00747 0.31867±0.14793 0.01057 0.04984 0.08270 0.11026 0.01703 0.00000
6 14 0.54843±0.00586 -0.04619 0.01055±0.00026 0.00426±0.00114 0.59641±0.10890 0.00828 0.04860 0.05794 0.07726 0.01009 0.00000
7 9 1.65434±0.14911 -0.00490 0.00664±0.00017 0.00297±0.00115 0.55306±0.17354 0.06533 0.15955 0.00978 0.01303 0.01117 0.49397
7 10 0.77450±0.01152 0.25607 0.06540±0.00164 0.05638±0.00641 0.13790±0.10040 0.01336 0.04442 0.05183 0.06911 0.02155 0.13096
7 11 0.75007±0.00700 0.92407 0.29578±0.00739 0.27114±0.02231 0.08329±0.07885 0.00968 0.02909 0.04136 0.05515 0.02292 0.07265
7 12 0.73692±0.00670 -0.06758 0.33319±0.00833 0.30678±0.01092 0.07925±0.04005 0.01158 0.03034 0.00269 0.00358 0.02302 0.03735
7 13 0.70804±0.00683 -0.60437 0.18934±0.00473 0.16309±0.01491 0.13863±0.08165 0.01338 0.03261 0.04226 0.05634 0.02153 0.00000
7 14 0.61895±0.00642 -0.35516 0.05926±0.00148 0.04391±0.00840 0.25898±0.14293 0.01409 0.04897 0.07935 0.10580 0.01853 0.00000
7 15 0.52513±0.00410 -0.04159 0.01273±0.00032 0.00406±0.00099 0.68086±0.07842 0.00465 0.02951 0.04324 0.05765 0.00798 0.00000
8 10 1.38387±0.19703 -0.00042 0.00748±0.00019 0.00212±0.00124 0.71613±0.16593 0.05632 0.15591 0.00074 0.00098 0.00710 0.92990
8 11 0.89812±0.02592 0.12298 0.03858±0.00096 0.03326±0.00376 0.13803±0.09991 0.02638 0.06225 0.04220 0.05627 0.02155 0.46286
8 12 0.77086±0.00976 0.40961 0.22505±0.00563 0.21436±0.01547 0.04752±0.07273 0.01485 0.05375 0.02410 0.03213 0.02381 0.08355
8 13 0.74913±0.00703 -0.00982 0.35382±0.00885 0.32609±0.01319 0.07837±0.04383 0.01186 0.03535 0.00037 0.00049 0.02304 0.01926
8 14 0.70723±0.00632 -0.84217 0.28276±0.00707 0.25413±0.02172 0.10127±0.08002 0.01274 0.03764 0.03943 0.05257 0.02247 0.00000
8 15 0.64342±0.00615 -0.62435 0.11672±0.00292 0.09097±0.01532 0.22059±0.13268 0.01323 0.05585 0.07082 0.09442 0.01949 0.00058
8 16 0.70293±0.01054 -0.04191 0.01234±0.00031 0.00499±0.00126 0.59548±0.10247 0.01162 0.06819 0.04496 0.05994 0.01011 0.00899
9 11 1.81204±0.25568 -0.00340 0.00595±0.00015 0.00130±0.00102 0.78193±0.17161 0.05565 0.16176 0.00756 0.01009 0.00545 0.85955
9 12 1.44932±0.16995 -0.00301 0.00823±0.00021 0.00105±0.00041 0.87205±0.05031 0.02630 0.04200 0.00485 0.00646 0.00320 0.89406
9 13 1.60601±0.15895 -0.00345 0.01230±0.00031 0.00226±0.00063 0.81657±0.05136 0.02898 0.04170 0.00372 0.00495 0.00459 0.86247
9 14 1.03756±0.02431 -0.00789 0.08610±0.00215 0.07566±0.00712 0.12127±0.08551 0.02838 0.07759 0.00121 0.00162 0.02197 0.51804
9 15 0.79883±0.00781 -0.63423 0.34766±0.00869 0.30891±0.01953 0.11145±0.06041 0.01321 0.03689 0.02415 0.03220 0.02221 0.11863
9 16 0.67784±0.00508 -1.18333 0.31490±0.00787 0.24535±0.02787 0.22088±0.09062 0.00976 0.02937 0.04975 0.06633 0.01948 0.04287
Table F.28: Pass 3 Target LD2, Energy 362, Octant 4, sbfil= 1.03200 ± 0.00500, r= -0.32834
209
CED FPD # m Ymeastot Y
sim






1 3 0.50775±0.00722 0.04316 0.05897±0.00147 0.04920±0.00237 0.16569±0.04522 0.01294 0.03517 0.00969 0.01058 0.02086 0.42368
1 4 0.57203±0.00690 0.17009 0.06144±0.00154 0.04562±0.00383 0.25743±0.06504 0.00944 0.02916 0.03665 0.04003 0.01856 0.36733
1 5 0.58258±0.00631 0.42798 0.09279±0.00232 0.08341±0.00907 0.10108±0.10033 0.01007 0.03581 0.06106 0.06670 0.02247 0.26968
1 6 0.57105±0.00548 0.40263 0.15356±0.00384 0.14161±0.00948 0.07784±0.06592 0.00941 0.03291 0.03471 0.03791 0.02305 0.05442
1 7 0.59065±0.00527 -0.21527 0.17760±0.00444 0.16771±0.00664 0.05572±0.04423 0.00942 0.02731 0.01605 0.01753 0.02361 0.02745
1 8 0.62407±0.00877 -0.29597 0.08377±0.00209 0.07638±0.00682 0.08822±0.08458 0.01479 0.04022 0.04678 0.05109 0.02279 0.00193
1 9 0.91367±0.02099 -0.07892 0.02345±0.00059 0.02050±0.00195 0.12566±0.08586 0.02369 0.04449 0.04456 0.04867 0.02186 0.02859
2 4 0.42802±0.00773 -0.01352 0.03080±0.00077 0.02657±0.00153 0.13710±0.05412 0.01723 0.04575 0.00581 0.00635 0.02157 0.40547
2 5 0.59117±0.00794 0.12855 0.05348±0.00134 0.04213±0.00316 0.21223±0.06230 0.01122 0.03387 0.03182 0.03475 0.01969 0.35153
2 6 0.61249±0.00714 0.45257 0.08167±0.00204 0.07284±0.00944 0.10806±0.11771 0.01056 0.03798 0.07337 0.08013 0.02230 0.09826
2 7 0.63797±0.00670 0.11374 0.15692±0.00392 0.15428±0.00736 0.01684±0.05294 0.01125 0.04324 0.00960 0.01048 0.02458 0.08521
2 8 0.63259±0.00658 -0.22055 0.14011±0.00350 0.13195±0.00648 0.05819±0.05190 0.01102 0.03264 0.02084 0.02276 0.02355 0.00232
2 9 0.64162±0.00762 -0.41804 0.09605±0.00240 0.09104±0.00941 0.05209±0.10083 0.01313 0.04638 0.05762 0.06294 0.02370 0.01715
2 10 0.70971±0.01265 -0.10059 0.02196±0.00055 0.01815±0.00238 0.17339±0.11036 0.01751 0.05814 0.06064 0.06624 0.02067 0.02472
3 5 0.34507±0.00610 -0.00928 0.02554±0.00064 0.02258±0.00125 0.11587±0.05368 0.01724 0.04521 0.00481 0.00526 0.02210 0.41736
3 6 0.52006±0.00598 0.12573 0.05905±0.00148 0.04853±0.00312 0.17809±0.05676 0.01011 0.03090 0.02819 0.03079 0.02055 0.31430
3 7 0.54965±0.00570 0.50594 0.10478±0.00262 0.09973±0.01098 0.04821±0.10747 0.01026 0.04378 0.06392 0.06982 0.02379 0.15250
3 8 0.55796±0.00535 0.12519 0.15173±0.00379 0.15175±0.00726 -0.00016±0.05402 0.01045 0.04384 0.01092 0.01193 0.02500 0.05143
3 9 0.57463±0.00543 -0.33973 0.17160±0.00429 0.15990±0.00876 0.06819±0.05610 0.00994 0.03161 0.02621 0.02863 0.02330 0.00805
3 10 0.55294±0.00586 -0.40403 0.08449±0.00211 0.07193±0.00834 0.14863±0.10095 0.01056 0.02896 0.06331 0.06914 0.02128 0.00845
3 11 0.58740±0.00680 -0.08755 0.01748±0.00044 0.01182±0.00181 0.32405±0.10467 0.00938 0.03066 0.06631 0.07242 0.01690 0.00142
4 6 0.39675±0.00744 0.01126 0.02414±0.00060 0.01964±0.00124 0.18621±0.05518 0.01672 0.04762 0.00617 0.00674 0.02034 0.43021
4 7 0.63336±0.00660 0.25340 0.08910±0.00223 0.07239±0.00562 0.18754±0.06631 0.00890 0.02821 0.03765 0.04113 0.02031 0.30139
4 8 0.66139±0.00657 0.57433 0.13872±0.00347 0.13053±0.01239 0.05903±0.09240 0.00967 0.03608 0.05481 0.05987 0.02352 0.11414
4 9 0.69542±0.00564 0.28871 0.26732±0.00668 0.25664±0.00975 0.03995±0.04368 0.00844 0.02850 0.01430 0.01562 0.02400 0.01415
4 10 0.64517±0.00580 -0.49998 0.24568±0.00614 0.22053±0.01220 0.10236±0.05448 0.00915 0.02808 0.02694 0.02943 0.02244 0.00719
4 11 0.65648±0.00625 -0.50272 0.11072±0.00277 0.09137±0.01053 0.17475±0.09733 0.00929 0.03223 0.06011 0.06565 0.02063 0.01273
4 12 0.63451±0.00781 -0.05820 0.01488±0.00037 0.00806±0.00126 0.45827±0.08549 0.00802 0.03436 0.05178 0.05655 0.01354 0.02580
5 7 0.35112±0.00750 0.01955 0.01354±0.00034 0.00944±0.00084 0.30289±0.06442 0.01616 0.05276 0.01912 0.02088 0.01743 0.32871
5 8 0.61785±0.00743 0.20816 0.06210±0.00155 0.05114±0.00462 0.17652±0.07712 0.01035 0.03313 0.04438 0.04847 0.02059 0.17985
5 9 0.69271±0.00651 0.59655 0.15185±0.00380 0.14429±0.01292 0.04977±0.08835 0.00925 0.03497 0.05201 0.05681 0.02376 0.09244
5 10 0.68782±0.00615 0.21223 0.25414±0.00635 0.24244±0.00869 0.04602±0.04168 0.00928 0.02854 0.01106 0.01208 0.02385 0.03976
5 11 0.66126±0.00640 -0.65076 0.22637±0.00566 0.20655±0.01487 0.08755±0.06955 0.01013 0.03222 0.03806 0.04157 0.02281 0.01538
5 12 0.57271±0.00653 -0.30034 0.06506±0.00163 0.04319±0.00625 0.33612±0.09752 0.00900 0.03104 0.06111 0.06675 0.01660 0.02245
5 13 0.59812±0.00903 -0.03295 0.01099±0.00027 0.00417±0.00069 0.62009±0.06365 0.00692 0.02136 0.03970 0.04336 0.00950 0.01895
6 8 0.48789±0.01662 0.01027 0.00826±0.00021 0.00469±0.00061 0.43290±0.07496 0.02080 0.06627 0.01645 0.01797 0.01418 0.35194
6 9 0.60936±0.00747 0.34570 0.07136±0.00178 0.05799±0.00720 0.18743±0.10291 0.01015 0.03248 0.06413 0.07005 0.02031 0.21927
6 10 0.71938±0.00636 0.72986 0.21527±0.00538 0.19863±0.01550 0.07731±0.07562 0.00850 0.02639 0.04488 0.04902 0.02307 0.05853
6 11 0.73484±0.00584 -0.05336 0.36643±0.00916 0.35524±0.01021 0.03052±0.03693 0.00850 0.02639 0.00193 0.00211 0.02424 0.03897
6 12 0.69090±0.00685 -0.71365 0.21951±0.00549 0.19922±0.01583 0.09243±0.07558 0.01040 0.03205 0.04304 0.04701 0.02269 0.00248
6 13 0.63270±0.00645 -0.31187 0.06773±0.00169 0.04745±0.00653 0.29947±0.09802 0.00853 0.03286 0.06096 0.06658 0.01751 0.00000
6 14 0.61607±0.00728 -0.04536 0.01531±0.00038 0.00615±0.00101 0.59850±0.06651 0.00571 0.03028 0.03922 0.04284 0.01004 0.00000
7 9 3.01539±0.28050 -0.00481 0.01214±0.00030 0.00611±0.00169 0.49645±0.13960 0.05404 0.12787 0.00525 0.00573 0.01259 0.49397
7 10 0.63140±0.00879 0.25144 0.04998±0.00125 0.03823±0.00531 0.23512±0.10799 0.01073 0.03812 0.06661 0.07275 0.01912 0.13096
7 11 0.76984±0.00668 0.90736 0.27469±0.00687 0.24424±0.01928 0.11085±0.07362 0.00800 0.02586 0.04373 0.04777 0.02223 0.07265
7 12 0.79170±0.00671 -0.06636 0.35106±0.00878 0.33214±0.00936 0.05388±0.03565 0.00885 0.02488 0.00250 0.00273 0.02365 0.03735
7 13 0.77987±0.00761 -0.59345 0.22533±0.00563 0.20220±0.01306 0.10267±0.06213 0.01009 0.02428 0.03487 0.03808 0.02243 0.00000
7 14 0.72656±0.00781 -0.34874 0.08588±0.00215 0.06390±0.00741 0.25597±0.08828 0.00951 0.03191 0.05376 0.05872 0.01860 0.00000
7 15 0.67717±0.00587 -0.04084 0.02163±0.00054 0.00659±0.00089 0.69539±0.04199 0.00315 0.01802 0.02500 0.02730 0.00762 0.00000
8 10 1.45052±0.20299 -0.00041 0.00805±0.00020 0.00225±0.00104 0.71991±0.12982 0.04337 0.12216 0.00067 0.00073 0.00700 0.92990
8 11 0.65781±0.01787 0.12075 0.02635±0.00066 0.02049±0.00282 0.22265±0.10858 0.02142 0.05369 0.06066 0.06626 0.01943 0.46286
8 12 0.72996±0.00849 0.40220 0.19676±0.00492 0.18867±0.01235 0.04107±0.06720 0.01189 0.04683 0.02706 0.02956 0.02397 0.08355
8 13 0.78236±0.00670 -0.00964 0.35985±0.00900 0.34092±0.01099 0.05259±0.03865 0.00893 0.02920 0.00035 0.00039 0.02369 0.01926
8 14 0.80032±0.00661 -0.82695 0.34023±0.00851 0.31984±0.01913 0.05992±0.06094 0.00890 0.02848 0.03218 0.03515 0.02350 0.00000
8 15 0.76285±0.00818 -0.61306 0.15958±0.00399 0.13066±0.01363 0.18124±0.08785 0.01036 0.03896 0.05086 0.05555 0.02047 0.00058
8 16 0.80704±0.01259 -0.04116 0.01899±0.00047 0.00735±0.00113 0.61283±0.06023 0.00726 0.04093 0.02869 0.03134 0.00968 0.00899
9 11 1.84397±0.25343 -0.00334 0.00644±0.00016 0.00162±0.00083 0.74833±0.12960 0.04100 0.12236 0.00686 0.00750 0.00629 0.85955
9 12 1.31727±0.14983 -0.00296 0.00681±0.00017 0.00115±0.00030 0.83152±0.04445 0.02254 0.03712 0.00575 0.00628 0.00421 0.89406
9 13 1.68966±0.15987 -0.00339 0.01357±0.00034 0.00265±0.00053 0.80449±0.03902 0.02125 0.03199 0.00331 0.00361 0.00489 0.86247
9 14 0.93242±0.02089 -0.00775 0.07114±0.00178 0.06834±0.00512 0.03930±0.07585 0.02374 0.06789 0.00144 0.00158 0.02402 0.51804
9 15 0.75293±0.00699 -0.62276 0.33251±0.00831 0.31402±0.01595 0.05561±0.05348 0.00995 0.02924 0.02480 0.02708 0.02361 0.11863
9 16 0.68317±0.00524 -1.16194 0.35676±0.00892 0.28597±0.02412 0.19842±0.07051 0.00715 0.02101 0.04312 0.04710 0.02004 0.04287
Table F.29: Pass 3 Target LD2, Energy 362, Octant 5, sbfil= 1.05100 ± 0.00500, r= -0.09643
210
CED FPD # m Ymeastot Y
sim






1 3 0.74504±0.00988 0.04396 0.08478±0.00212 0.07376±0.00412 0.13004±0.05319 0.01531 0.04462 0.00686 0.00915 0.02175 0.42368
1 4 0.77231±0.00938 0.17322 0.08534±0.00213 0.06800±0.00496 0.20323±0.06145 0.01148 0.03524 0.02687 0.03583 0.01992 0.36733
1 5 0.73153±0.00840 0.43586 0.13156±0.00329 0.12000±0.01104 0.08788±0.08693 0.01175 0.03943 0.04386 0.05848 0.02280 0.26968
1 6 0.72559±0.00733 0.41005 0.21198±0.00530 0.19417±0.01230 0.08399±0.06239 0.01134 0.03766 0.02561 0.03414 0.02290 0.05442
1 7 0.70764±0.00674 -0.21923 0.20909±0.00523 0.19350±0.00909 0.07456±0.04925 0.01272 0.03455 0.01388 0.01851 0.02314 0.02745
1 8 0.62550±0.00814 -0.30142 0.07613±0.00190 0.06753±0.00799 0.11295±0.10732 0.01879 0.05514 0.05242 0.06989 0.02218 0.00193
1 9 0.66748±0.01400 -0.08037 0.01419±0.00035 0.01241±0.00206 0.12554±0.14699 0.03244 0.06676 0.07498 0.09998 0.02186 0.02859
2 4 0.69673±0.01210 -0.01377 0.04961±0.00124 0.04280±0.00305 0.13731±0.06510 0.02080 0.05747 0.00367 0.00490 0.02157 0.40547
2 5 0.77812±0.01051 0.13091 0.07293±0.00182 0.06033±0.00425 0.17276±0.06190 0.01354 0.04064 0.02376 0.03168 0.02068 0.35153
2 6 0.77033±0.00959 0.46090 0.11641±0.00291 0.10861±0.01136 0.06705±0.10032 0.01237 0.04166 0.05242 0.06989 0.02332 0.09826
2 7 0.80661±0.00958 0.11584 0.21075±0.00527 0.19953±0.01141 0.05321±0.05908 0.01490 0.05060 0.00728 0.00970 0.02367 0.08521
2 8 0.76665±0.00868 -0.22461 0.16390±0.00410 0.15168±0.00886 0.07456±0.05878 0.01543 0.04204 0.01814 0.02419 0.02314 0.00232
2 9 0.73076±0.00896 -0.42573 0.09453±0.00236 0.08880±0.01146 0.06062±0.12352 0.01950 0.06672 0.05962 0.07949 0.02348 0.01715
2 10 0.70769±0.01009 -0.10245 0.01547±0.00039 0.01463±0.00279 0.05443±0.18158 0.02464 0.10229 0.08765 0.11687 0.02364 0.02472
3 5 0.68677±0.01178 -0.00945 0.05023±0.00126 0.04463±0.00305 0.11144±0.06473 0.02107 0.05688 0.00249 0.00332 0.02221 0.41736
3 6 0.78627±0.00937 0.12804 0.09272±0.00232 0.07820±0.00459 0.15658±0.05384 0.01255 0.03699 0.01828 0.02438 0.02109 0.31430
3 7 0.79865±0.00888 0.51526 0.17166±0.00429 0.16461±0.01422 0.04109±0.08624 0.01212 0.04827 0.03974 0.05298 0.02397 0.15250
3 8 0.81517±0.00879 0.12749 0.23552±0.00589 0.22668±0.01282 0.03752±0.05952 0.01376 0.05129 0.00717 0.00956 0.02406 0.05143
3 9 0.79407±0.00824 -0.34599 0.22790±0.00570 0.20781±0.01247 0.08816±0.05927 0.01410 0.04089 0.02010 0.02680 0.02280 0.00805
3 10 0.76918±0.00836 -0.41146 0.09655±0.00241 0.08492±0.01014 0.12047±0.10731 0.01638 0.04382 0.05642 0.07523 0.02199 0.00845
3 11 0.65328±0.00627 -0.08916 0.01458±0.00036 0.01035±0.00211 0.28991±0.14585 0.01287 0.05082 0.08097 0.10795 0.01775 0.00142
4 6 0.65266±0.01157 0.01146 0.04077±0.00102 0.03267±0.00249 0.19863±0.06427 0.01914 0.05766 0.00372 0.00496 0.02003 0.43021
4 7 0.80964±0.00900 0.25807 0.12198±0.00305 0.10254±0.00708 0.15939±0.06176 0.01103 0.03274 0.02801 0.03734 0.02102 0.30139
4 8 0.81397±0.00871 0.58490 0.19077±0.00477 0.18343±0.01517 0.03849±0.08307 0.01160 0.04014 0.04059 0.05412 0.02404 0.11414
4 9 0.82833±0.00752 0.29402 0.33369±0.00834 0.31734±0.01354 0.04899±0.04703 0.01121 0.03380 0.01167 0.01555 0.02378 0.01415
4 10 0.79155±0.00728 -0.50919 0.28072±0.00702 0.25127±0.01579 0.10489±0.06053 0.01248 0.03748 0.02401 0.03202 0.02238 0.00719
4 11 0.72617±0.00607 -0.51197 0.10247±0.00256 0.08328±0.01238 0.18731±0.12249 0.01210 0.04789 0.06614 0.08819 0.02032 0.01273
4 12 0.65617±0.00672 -0.05927 0.01190±0.00030 0.00647±0.00147 0.45605±0.12418 0.01072 0.05523 0.06592 0.08789 0.01360 0.02580
5 7 0.59947±0.01168 0.01991 0.02417±0.00060 0.01669±0.00163 0.30950±0.06980 0.01751 0.06274 0.01091 0.01454 0.01726 0.32871
5 8 0.80514±0.00971 0.21199 0.08921±0.00223 0.07481±0.00584 0.16145±0.06871 0.01170 0.03736 0.03146 0.04194 0.02096 0.17985
5 9 0.82543±0.00825 0.60753 0.20278±0.00507 0.19594±0.01570 0.03374±0.08110 0.01092 0.03879 0.03966 0.05288 0.02416 0.09244
5 10 0.82386±0.00797 0.21614 0.31485±0.00787 0.29892±0.01240 0.05061±0.04599 0.01206 0.03430 0.00909 0.01212 0.02373 0.03976
5 11 0.75500±0.00692 -0.66274 0.23882±0.00597 0.21188±0.01818 0.11281±0.07929 0.01291 0.04335 0.03674 0.04898 0.02218 0.01538
5 12 0.61188±0.00516 -0.30586 0.05830±0.00146 0.03719±0.00729 0.36209±0.12598 0.00987 0.04602 0.06946 0.09261 0.01595 0.02245
5 13 0.63734±0.00753 -0.03356 0.00866±0.00022 0.00342±0.00081 0.60465±0.09368 0.00910 0.03590 0.05129 0.06838 0.00988 0.01895
6 8 0.77856±0.02418 0.01046 0.01333±0.00033 0.00787±0.00115 0.40965±0.08779 0.02333 0.08152 0.01039 0.01385 0.01476 0.35194
6 9 0.79679±0.01017 0.35206 0.10141±0.00254 0.08925±0.00872 0.11994±0.08876 0.01209 0.03715 0.04596 0.06128 0.02200 0.21927
6 10 0.84169±0.00805 0.74329 0.28057±0.00701 0.26235±0.01859 0.06495±0.07026 0.01025 0.02945 0.03507 0.04676 0.02338 0.05853
6 11 0.82075±0.00712 -0.05434 0.41406±0.01035 0.39464±0.01428 0.04691±0.04192 0.01140 0.03243 0.00174 0.00232 0.02383 0.03897
6 12 0.76584±0.00699 -0.72679 0.22171±0.00554 0.19419±0.01896 0.12412±0.08829 0.01307 0.04373 0.04340 0.05786 0.02190 0.00248
6 13 0.65342±0.00547 -0.31761 0.05700±0.00143 0.03907±0.00759 0.31469±0.13429 0.01067 0.05013 0.07376 0.09835 0.01713 0.00000
6 14 0.62132±0.00668 -0.04619 0.01163±0.00029 0.00483±0.00118 0.58510±0.10177 0.00856 0.04997 0.05258 0.07010 0.01037 0.00000
7 9 1.80182±0.16249 -0.00490 0.00724±0.00018 0.00323±0.00125 0.55380±0.17315 0.06526 0.15929 0.00896 0.01195 0.01116 0.49397
7 10 0.83923±0.01248 0.25607 0.07150±0.00179 0.06110±0.00654 0.14555±0.09388 0.01325 0.04403 0.04741 0.06321 0.02136 0.13096
7 11 0.85713±0.00800 0.92407 0.33838±0.00846 0.30984±0.02287 0.08434±0.07136 0.00967 0.02905 0.03615 0.04820 0.02289 0.07265
7 12 0.83625±0.00760 -0.06758 0.37663±0.00942 0.34813±0.01237 0.07566±0.04015 0.01162 0.03046 0.00238 0.00317 0.02311 0.03735
7 13 0.80819±0.00779 -0.60437 0.21537±0.00538 0.18616±0.01536 0.13563±0.07451 0.01343 0.03273 0.03715 0.04953 0.02161 0.00000
7 14 0.72400±0.00750 -0.35516 0.07018±0.00175 0.05136±0.00860 0.26817±0.12383 0.01390 0.04837 0.06700 0.08933 0.01830 0.00000
7 15 0.58651±0.00459 -0.04159 0.01404±0.00035 0.00454±0.00101 0.67684±0.07245 0.00472 0.02988 0.03920 0.05227 0.00808 0.00000
8 10 1.56683±0.22307 -0.00042 0.00841±0.00021 0.00240±0.00140 0.71410±0.16711 0.05672 0.15702 0.00065 0.00087 0.00715 0.92990
8 11 1.00528±0.02900 0.12298 0.04396±0.00110 0.03722±0.00399 0.15316±0.09311 0.02591 0.06115 0.03704 0.04938 0.02117 0.46286
8 12 0.86191±0.01091 0.40961 0.25325±0.00633 0.23968±0.01669 0.05358±0.07003 0.01476 0.05341 0.02141 0.02855 0.02366 0.08355
8 13 0.85582±0.00804 -0.00982 0.40330±0.01008 0.37254±0.01507 0.07628±0.04393 0.01189 0.03543 0.00032 0.00043 0.02309 0.01926
8 14 0.82965±0.00741 -0.84217 0.33129±0.00828 0.29812±0.02278 0.10012±0.07236 0.01275 0.03769 0.03365 0.04487 0.02250 0.00000
8 15 0.69416±0.00663 -0.62435 0.12507±0.00313 0.09815±0.01556 0.21526±0.12592 0.01332 0.05624 0.06609 0.08812 0.01962 0.00058
8 16 0.66565±0.01000 -0.04191 0.01150±0.00029 0.00473±0.00123 0.58889±0.10730 0.01182 0.06930 0.04825 0.06433 0.01028 0.00899
9 11 1.89996±0.26842 -0.00340 0.00621±0.00016 0.00136±0.00107 0.78093±0.17238 0.05597 0.16250 0.00725 0.00966 0.00548 0.85955
9 12 1.58951±0.18647 -0.00301 0.00898±0.00022 0.00115±0.00045 0.87145±0.05044 0.02643 0.04219 0.00444 0.00592 0.00321 0.89406
9 13 1.76485±0.17467 -0.00345 0.01350±0.00034 0.00248±0.00069 0.81623±0.05139 0.02903 0.04177 0.00339 0.00452 0.00459 0.86247
9 14 1.27291±0.02972 -0.00789 0.10873±0.00272 0.09282±0.00872 0.14636±0.08303 0.02747 0.07538 0.00096 0.00128 0.02134 0.51804
9 15 0.90071±0.00881 -0.63423 0.39377±0.00984 0.34831±0.02078 0.11544±0.05722 0.01315 0.03673 0.02132 0.02843 0.02211 0.11863
9 16 0.74591±0.00559 -1.18333 0.34632±0.00866 0.26999±0.02823 0.22042±0.08380 0.00977 0.02938 0.04524 0.06031 0.01949 0.04287
Table F.30: Pass 3 Target LD2, Energy 362, Octant 6, sbfil= 1.03200 ± 0.00500, r= -0.32834
211
CED FPD # m Ymeastot Y
sim






1 3 0.47899±0.00672 0.04430 0.05508±0.00138 0.04785±0.00300 0.13123±0.05867 0.01748 0.04812 0.01065 0.01535 0.02172 0.42368
1 4 0.50540±0.00649 0.17457 0.05630±0.00141 0.04631±0.00465 0.17740±0.08507 0.01312 0.03811 0.04105 0.05920 0.02057 0.36733
1 5 0.50318±0.00573 0.43927 0.09309±0.00233 0.08708±0.01098 0.06457±0.12026 0.01234 0.04178 0.06247 0.09009 0.02339 0.26968
1 6 0.52838±0.00526 0.41325 0.15683±0.00392 0.14588±0.01166 0.06982±0.07788 0.01200 0.04040 0.03488 0.05030 0.02325 0.05442
1 7 0.54189±0.00514 -0.22094 0.16043±0.00401 0.14572±0.00822 0.09168±0.05605 0.01377 0.03758 0.01823 0.02629 0.02271 0.02745
1 8 0.52753±0.00708 -0.30378 0.06139±0.00153 0.05366±0.00816 0.12591±0.13465 0.02208 0.06286 0.06551 0.09446 0.02185 0.00193
1 9 0.69413±0.01542 -0.08100 0.01359±0.00034 0.01175±0.00224 0.13569±0.16589 0.04067 0.07898 0.07888 0.11375 0.02161 0.02859
2 4 0.44319±0.00776 -0.01388 0.03140±0.00079 0.02710±0.00213 0.13712±0.07115 0.02299 0.06295 0.00585 0.00844 0.02157 0.40547
2 5 0.51889±0.00747 0.13193 0.04872±0.00122 0.04164±0.00382 0.14542±0.08134 0.01571 0.04422 0.03585 0.05170 0.02136 0.35153
2 6 0.53106±0.00637 0.46450 0.08467±0.00212 0.07994±0.01144 0.05596±0.13712 0.01232 0.04304 0.07263 0.10473 0.02360 0.09826
2 7 0.59900±0.00665 0.11674 0.15951±0.00399 0.14961±0.00936 0.06205±0.06316 0.01490 0.05412 0.00969 0.01397 0.02345 0.08521
2 8 0.57736±0.00602 -0.22636 0.12336±0.00308 0.11154±0.00796 0.09580±0.06834 0.01552 0.04585 0.02429 0.03503 0.02261 0.00232
2 9 0.54433±0.00524 -0.42906 0.07352±0.00184 0.06135±0.01127 0.16554±0.15467 0.01598 0.06965 0.07726 0.11141 0.02086 0.01715
2 10 0.54264±0.00835 -0.10325 0.01268±0.00032 0.01007±0.00276 0.20584±0.21866 0.02714 0.10434 0.10781 0.15546 0.01985 0.02472
3 5 0.44237±0.00750 -0.00953 0.03186±0.00080 0.02866±0.00215 0.10055±0.07105 0.02305 0.06295 0.00396 0.00571 0.02249 0.41736
3 6 0.53080±0.00671 0.12904 0.06282±0.00157 0.05420±0.00402 0.13724±0.06757 0.01446 0.04017 0.02720 0.03922 0.02157 0.31430
3 7 0.56934±0.00613 0.51928 0.12766±0.00319 0.12341±0.01376 0.03331±0.11049 0.01226 0.05043 0.05385 0.07765 0.02417 0.15250
3 8 0.59002±0.00618 0.12849 0.17540±0.00438 0.16563±0.01029 0.05570±0.06325 0.01416 0.05434 0.00970 0.01399 0.02361 0.05143
3 9 0.60758±0.00578 -0.34869 0.17485±0.00437 0.15465±0.01149 0.11552±0.06934 0.01406 0.04444 0.02640 0.03807 0.02211 0.00805
3 10 0.56622±0.00554 -0.41468 0.07509±0.00188 0.05769±0.01028 0.23169±0.13822 0.01521 0.04521 0.07311 0.10543 0.01921 0.00845
3 11 0.57491±0.00599 -0.08986 0.01280±0.00032 0.00805±0.00221 0.37095±0.17371 0.01527 0.05553 0.09296 0.13405 0.01573 0.00142
4 6 0.45966±0.00838 0.01155 0.02954±0.00074 0.02312±0.00193 0.21737±0.06806 0.02085 0.06109 0.00518 0.00747 0.01957 0.43021
4 7 0.60317±0.00672 0.26008 0.09392±0.00235 0.07961±0.00694 0.15239±0.07692 0.01165 0.03453 0.03666 0.05287 0.02119 0.30139
4 8 0.61362±0.00641 0.58947 0.14965±0.00374 0.14570±0.01517 0.02636±0.10428 0.01186 0.04204 0.05215 0.07520 0.02434 0.11414
4 9 0.65257±0.00575 0.29632 0.26646±0.00666 0.25398±0.01228 0.04684±0.05190 0.01169 0.03635 0.01472 0.02123 0.02383 0.01415
4 10 0.63762±0.00592 -0.51317 0.22298±0.00557 0.19569±0.01540 0.12236±0.07247 0.01394 0.04144 0.03047 0.04394 0.02194 0.00719
4 11 0.57657±0.00409 -0.51597 0.08928±0.00223 0.06001±0.01275 0.32782±0.14378 0.01020 0.04756 0.07651 0.11033 0.01680 0.01273
4 12 0.59410±0.00627 -0.05973 0.01084±0.00027 0.00513±0.00154 0.52652±0.14228 0.01198 0.05984 0.07293 0.10517 0.01184 0.02580
5 7 0.54064±0.01304 0.02007 0.02092±0.00052 0.01527±0.00164 0.27001±0.08069 0.02461 0.07124 0.01270 0.01831 0.01825 0.32871
5 8 0.64462±0.00834 0.21364 0.07332±0.00183 0.06272±0.00584 0.14454±0.08241 0.01333 0.03967 0.03858 0.05563 0.02139 0.17985
5 9 0.67341±0.00646 0.61228 0.17290±0.00432 0.16831±0.01596 0.02653±0.09548 0.01094 0.04046 0.04688 0.06760 0.02434 0.09244
5 10 0.68052±0.00632 0.21782 0.26343±0.00659 0.24995±0.01144 0.05116±0.04949 0.01246 0.03691 0.01095 0.01579 0.02372 0.03976
5 11 0.67450±0.00636 -0.66792 0.20705±0.00518 0.18004±0.01876 0.13048±0.09318 0.01491 0.04869 0.04271 0.06158 0.02174 0.01538
5 12 0.50327±0.00376 -0.30825 0.05106±0.00128 0.02740±0.00757 0.46327±0.14884 0.00895 0.04711 0.07993 0.11526 0.01342 0.02245
5 13 0.60968±0.00747 -0.03382 0.00802±0.00020 0.00285±0.00085 0.64416±0.10693 0.01062 0.04045 0.05585 0.08054 0.00890 0.01895
6 8 0.69971±0.02523 0.01054 0.01171±0.00029 0.00722±0.00115 0.38343±0.09920 0.03019 0.09085 0.01191 0.01718 0.01541 0.35194
6 9 0.66298±0.00834 0.35481 0.08903±0.00223 0.07909±0.00899 0.11169±0.10339 0.01231 0.03838 0.05276 0.07608 0.02221 0.21927
6 10 0.70304±0.00633 0.74910 0.24368±0.00609 0.22994±0.01912 0.05641±0.08193 0.01012 0.03087 0.04070 0.05869 0.02359 0.05853
6 11 0.73472±0.00590 -0.05477 0.37033±0.00926 0.35245±0.01384 0.04829±0.04429 0.01151 0.03538 0.00196 0.00282 0.02379 0.03897
6 12 0.67693±0.00552 -0.73247 0.19976±0.00499 0.16147±0.01957 0.19171±0.10003 0.01248 0.04676 0.04854 0.07000 0.02021 0.00248
6 13 0.60041±0.00475 -0.32009 0.05395±0.00135 0.03195±0.00799 0.40776±0.14882 0.01067 0.05305 0.07855 0.11327 0.01481 0.00000
6 14 0.62766±0.00713 -0.04655 0.01122±0.00028 0.00428±0.00126 0.61887±0.11291 0.01033 0.05705 0.05495 0.07923 0.00953 0.00000
7 9 2.46224±0.22363 -0.00494 0.01000±0.00025 0.00417±0.00186 0.58332±0.18655 0.07091 0.17185 0.00654 0.00943 0.01042 0.49397
7 10 0.73559±0.01061 0.25807 0.06655±0.00166 0.05745±0.00676 0.13672±0.10392 0.01319 0.04519 0.05134 0.07404 0.02158 0.13096
7 11 0.74286±0.00653 0.93129 0.30470±0.00762 0.28274±0.02372 0.07208±0.08124 0.00955 0.03048 0.04046 0.05835 0.02320 0.07265
7 12 0.74249±0.00644 -0.06811 0.33530±0.00838 0.30806±0.01192 0.08124±0.04232 0.01205 0.03311 0.00269 0.00388 0.02297 0.03735
7 13 0.73861±0.00695 -0.60909 0.19450±0.00486 0.16090±0.01604 0.17275±0.08505 0.01445 0.03610 0.04146 0.05978 0.02068 0.00000
7 14 0.68837±0.00728 -0.35794 0.06564±0.00164 0.04378±0.00909 0.33309±0.13945 0.01572 0.05359 0.07219 0.10410 0.01667 0.00000
7 15 0.60810±0.00483 -0.04191 0.01436±0.00036 0.00418±0.00109 0.70871±0.07596 0.00529 0.03303 0.03864 0.05572 0.00728 0.00000
8 10 1.41392±0.19888 -0.00042 0.00767±0.00019 0.00216±0.00138 0.71885±0.17986 0.06040 0.16926 0.00072 0.00104 0.00703 0.92990
8 11 0.94648±0.02298 0.12394 0.04498±0.00112 0.03745±0.00411 0.16724±0.09366 0.02186 0.06133 0.03648 0.05261 0.02082 0.46286
8 12 0.80365±0.00984 0.41281 0.24504±0.00613 0.23029±0.01716 0.06019±0.07386 0.01499 0.05610 0.02230 0.03216 0.02350 0.08355
8 13 0.79269±0.00726 -0.00990 0.37684±0.00942 0.34489±0.01518 0.08478±0.04632 0.01252 0.03828 0.00035 0.00050 0.02288 0.01926
8 14 0.77557±0.00655 -0.84875 0.31164±0.00779 0.26518±0.02382 0.14909±0.07933 0.01304 0.04083 0.03606 0.05199 0.02127 0.00000
8 15 0.74180±0.00728 -0.62923 0.13000±0.00325 0.09530±0.01688 0.26688±0.13110 0.01534 0.06302 0.06408 0.09241 0.01833 0.00058
8 16 0.76397±0.01030 -0.04224 0.01415±0.00035 0.00476±0.00141 0.66338±0.09979 0.01079 0.07045 0.03951 0.05698 0.00842 0.00899
9 11 1.77648±0.25759 -0.00343 0.00574±0.00014 0.00115±0.00109 0.80014±0.19063 0.06335 0.17919 0.00790 0.01140 0.00500 0.85955
9 12 1.45145±0.17269 -0.00304 0.00807±0.00020 0.00096±0.00045 0.88057±0.05613 0.02969 0.04673 0.00498 0.00718 0.00299 0.89406
9 13 1.55895±0.15108 -0.00348 0.01230±0.00031 0.00208±0.00066 0.83093±0.05395 0.03003 0.04413 0.00375 0.00540 0.00423 0.86247
9 14 1.04036±0.02375 -0.00795 0.08931±0.00223 0.07569±0.00775 0.15249±0.08936 0.02913 0.08175 0.00118 0.00170 0.02119 0.51804
9 15 0.80685±0.00781 -0.63919 0.35149±0.00879 0.30143±0.02109 0.14243±0.06372 0.01423 0.04017 0.02407 0.03472 0.02144 0.11863
9 16 0.74333±0.00551 -1.19258 0.34914±0.00873 0.25086±0.03005 0.28150±0.08792 0.01040 0.03166 0.04522 0.06521 0.01796 0.04287
Table F.31: Pass 3 Target LD2, Energy 362, Octant 7, sbfil= 1.02400 ± 0.00500, r= -0.42856
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CED FPD # m Ymeastot Y
sim






1 3 0.65433±0.00867 0.04536 0.07806±0.00195 0.06721±0.00500 0.13898±0.06760 0.02014 0.05876 0.00769 0.01372 0.02153 0.42368
1 4 0.61308±0.00701 0.17876 0.07682±0.00192 0.06298±0.00594 0.18023±0.08002 0.01315 0.04291 0.03081 0.05495 0.02049 0.36733
1 5 0.59270±0.00612 0.44981 0.13001±0.00325 0.11911±0.01358 0.08385±0.10693 0.01196 0.04463 0.04580 0.08171 0.02290 0.26968
1 6 0.58139±0.00552 0.42317 0.18969±0.00474 0.17578±0.01468 0.07331±0.08079 0.01320 0.04656 0.02953 0.05268 0.02317 0.05442
1 7 0.50741±0.00492 -0.22625 0.14289±0.00357 0.12932±0.00979 0.09496±0.07215 0.01875 0.05005 0.02096 0.03739 0.02263 0.02745
1 8 0.34949±0.00531 -0.31107 0.03528±0.00088 0.02880±0.00911 0.18366±0.25912 0.03652 0.09178 0.11671 0.20820 0.02041 0.00193
1 9 0.36736±0.01157 -0.08295 0.00416±0.00010 0.00433±0.00242 -0.03936±0.58083 0.12614 0.17289 0.26373 0.47046 0.02598 0.02859
2 4 0.71408±0.01184 -0.01421 0.05293±0.00132 0.04303±0.00429 0.18697±0.08350 0.02635 0.07623 0.00355 0.00634 0.02033 0.40547
2 5 0.67737±0.00876 0.13510 0.07137±0.00178 0.06003±0.00523 0.15882±0.07625 0.01592 0.04992 0.02506 0.04471 0.02103 0.35153
2 6 0.66170±0.00708 0.47565 0.12515±0.00313 0.11913±0.01418 0.04807±0.11578 0.01174 0.04596 0.05032 0.08976 0.02380 0.09826
2 7 0.67054±0.00724 0.11954 0.19165±0.00479 0.17245±0.01308 0.10016±0.07186 0.01710 0.06387 0.00826 0.01473 0.02250 0.08521
2 8 0.62281±0.00686 -0.23180 0.12691±0.00317 0.11137±0.01033 0.12250±0.08431 0.02175 0.06089 0.02418 0.04313 0.02194 0.00232
2 9 0.50070±0.00551 -0.43936 0.05710±0.00143 0.04278±0.01340 0.25078±0.23540 0.02744 0.10449 0.10186 0.18170 0.01873 0.01715
2 10 0.47769±0.00951 -0.10572 0.00608±0.00015 0.00573±0.00326 0.05804±0.53618 0.08155 0.24253 0.23012 0.41050 0.02355 0.02472
3 5 0.77895±0.01220 -0.00976 0.06093±0.00152 0.04999±0.00473 0.17944±0.08031 0.02482 0.07344 0.00212 0.00378 0.02051 0.41736
3 6 0.70475±0.00803 0.13214 0.09346±0.00234 0.07774±0.00572 0.16820±0.06463 0.01474 0.04541 0.01872 0.03339 0.02079 0.31430
3 7 0.69001±0.00682 0.53175 0.18122±0.00453 0.17234±0.01760 0.04898±0.10000 0.01218 0.05455 0.03885 0.06930 0.02378 0.15250
3 8 0.70208±0.00718 0.13157 0.21565±0.00539 0.20282±0.01525 0.05950±0.07450 0.01694 0.06662 0.00808 0.01441 0.02351 0.05143
3 9 0.67534±0.00680 -0.35706 0.18059±0.00451 0.15694±0.01505 0.13100±0.08614 0.02027 0.06059 0.02617 0.04669 0.02173 0.00805
3 10 0.61584±0.00687 -0.42463 0.06093±0.00152 0.04652±0.01254 0.23657±0.20669 0.02946 0.07676 0.09226 0.16458 0.01909 0.00845
3 11 0.50326±0.00649 -0.09201 0.00742±0.00019 0.00417±0.00263 0.43784±0.35410 0.03617 0.10616 0.16409 0.29272 0.01405 0.00142
4 6 0.85275±0.01404 0.01183 0.05847±0.00146 0.04351±0.00445 0.25583±0.07833 0.02236 0.07252 0.00268 0.00478 0.01860 0.43021
4 7 0.72309±0.00723 0.26633 0.12570±0.00314 0.10739±0.00886 0.14571±0.07364 0.01186 0.03918 0.02805 0.05004 0.02136 0.30139
4 8 0.72173±0.00687 0.60362 0.20663±0.00517 0.19841±0.01899 0.03980±0.09500 0.01166 0.04537 0.03867 0.06899 0.02400 0.11414
4 9 0.73307±0.00625 0.30343 0.31275±0.00782 0.29911±0.01661 0.04361±0.05824 0.01371 0.04407 0.01284 0.02291 0.02391 0.01415
4 10 0.69448±0.00685 -0.52548 0.22118±0.00553 0.19050±0.01964 0.13873±0.09136 0.02061 0.05763 0.03145 0.05611 0.02153 0.00719
4 11 0.58096±0.00493 -0.52835 0.06417±0.00160 0.04142±0.01536 0.35448±0.23991 0.02166 0.08447 0.10900 0.19445 0.01614 0.01273
4 12 0.54266±0.00681 -0.06117 0.00660±0.00016 0.00263±0.00183 0.60152±0.27703 0.02705 0.11376 0.12271 0.21890 0.00996 0.02580
5 7 1.00997±0.02190 0.02055 0.04208±0.00105 0.02982±0.00373 0.29137±0.09052 0.02605 0.08382 0.00647 0.01153 0.01772 0.32871
5 8 0.76612±0.00878 0.21877 0.09864±0.00247 0.08494±0.00748 0.13884±0.07883 0.01321 0.04439 0.02936 0.05238 0.02153 0.17985
5 9 0.71440±0.00632 0.62697 0.21382±0.00535 0.20636±0.01954 0.03488±0.09454 0.01096 0.04397 0.03882 0.06925 0.02413 0.09244
5 10 0.69958±0.00643 0.22305 0.27633±0.00691 0.26663±0.01465 0.03509±0.05826 0.01532 0.04582 0.01069 0.01906 0.02412 0.03976
5 11 0.64395±0.00670 -0.68395 0.17151±0.00429 0.14455±0.02255 0.15718±0.13316 0.02404 0.07109 0.05279 0.09418 0.02107 0.01538
5 12 0.44563±0.00405 -0.31565 0.03176±0.00079 0.01554±0.00898 0.51085±0.28310 0.01964 0.08494 0.13157 0.23471 0.01223 0.02245
5 13 0.51683±0.00778 -0.03463 0.00456±0.00011 0.00131±0.00101 0.71339±0.22074 0.02464 0.07632 0.10050 0.17928 0.00717 0.01895
6 8 1.48612±0.04804 0.01079 0.02621±0.00066 0.01633±0.00300 0.37675±0.11559 0.03254 0.10925 0.00545 0.00973 0.01558 0.35194
6 9 0.85711±0.00956 0.36333 0.13051±0.00326 0.12157±0.01143 0.06846±0.09061 0.01219 0.04288 0.03686 0.06575 0.02329 0.21927
6 10 0.76528±0.00631 0.76708 0.30281±0.00757 0.28672±0.02342 0.05311±0.08089 0.01028 0.03426 0.03354 0.05983 0.02367 0.05853
6 11 0.75282±0.00615 -0.05608 0.37896±0.00947 0.35851±0.01798 0.05397±0.05300 0.01486 0.04487 0.00196 0.00349 0.02365 0.03897
6 12 0.67054±0.00634 -0.75004 0.16672±0.00417 0.12873±0.02373 0.22785±0.14361 0.02176 0.07030 0.05956 0.10625 0.01930 0.00248
6 13 0.55845±0.00529 -0.32777 0.03500±0.00088 0.01836±0.00953 0.47550±0.27251 0.02319 0.09634 0.12396 0.22114 0.01311 0.00000
6 14 0.57932±0.00806 -0.04767 0.00754±0.00019 0.00223±0.00150 0.70384±0.19931 0.02202 0.09927 0.08374 0.14939 0.00740 0.00000
7 9 2.81481±0.25018 -0.00506 0.01089±0.00027 0.00388±0.00269 0.64380±0.24690 0.09226 0.22849 0.00615 0.01097 0.00891 0.49397
7 10 1.05370±0.01325 0.26427 0.10905±0.00273 0.09957±0.00910 0.08691±0.08656 0.01273 0.05005 0.03208 0.05723 0.02283 0.13096
7 11 0.78186±0.00633 0.95364 0.35934±0.00898 0.34385±0.02886 0.04312±0.08379 0.00994 0.03446 0.03513 0.06267 0.02392 0.07265
7 12 0.75253±0.00663 -0.06975 0.33454±0.00836 0.30897±0.01531 0.07645±0.05127 0.01575 0.04260 0.00276 0.00492 0.02309 0.03735
7 13 0.71921±0.00762 -0.62371 0.15931±0.00398 0.12884±0.01938 0.19130±0.12329 0.02452 0.05436 0.05183 0.09246 0.02022 0.00000
7 14 0.65918±0.00819 -0.36653 0.04297±0.00107 0.02693±0.01090 0.37330±0.25420 0.03420 0.09931 0.11293 0.20146 0.01567 0.00000
7 15 0.51208±0.00506 -0.04292 0.00863±0.00022 0.00216±0.00127 0.74986±0.14747 0.01169 0.05864 0.06585 0.11746 0.00625 0.00000
8 10 1.45134±0.19717 -0.00043 0.00799±0.00020 0.00218±0.00179 0.72780±0.22357 0.07282 0.21127 0.00071 0.00127 0.00680 0.92990
8 11 1.57299±0.03513 0.12691 0.07934±0.00198 0.07463±0.00701 0.05930±0.09145 0.02401 0.07320 0.02118 0.03778 0.02352 0.46286
8 12 0.97546±0.01148 0.42271 0.31408±0.00785 0.30511±0.02464 0.02855±0.08213 0.01728 0.06729 0.01782 0.03178 0.02429 0.08355
8 13 0.80082±0.00731 -0.01013 0.37918±0.00948 0.34793±0.01942 0.08243±0.05612 0.01588 0.04868 0.00035 0.00063 0.02294 0.01926
8 14 0.73590±0.00671 -0.86912 0.25780±0.00645 0.21192±0.02856 0.17797±0.11266 0.02048 0.05932 0.04463 0.07962 0.02055 0.00000
8 15 0.70463±0.00801 -0.64433 0.08871±0.00222 0.06235±0.02023 0.29714±0.22871 0.03135 0.11112 0.09615 0.17153 0.01757 0.00058
8 16 0.73856±0.01205 -0.04325 0.00946±0.00024 0.00262±0.00171 0.72273±0.18055 0.02393 0.12906 0.06053 0.10798 0.00693 0.00899
9 11 1.85984±0.28061 -0.00351 0.00567±0.00014 0.00080±0.00146 0.85954±0.25702 0.08854 0.24068 0.00820 0.01462 0.00351 0.85955
9 12 1.51430±0.18211 -0.00311 0.00831±0.00021 0.00071±0.00060 0.91406±0.07210 0.03856 0.06004 0.00496 0.00884 0.00215 0.89406
9 13 1.63590±0.15675 -0.00356 0.01309±0.00033 0.00182±0.00087 0.86094±0.06693 0.03709 0.05512 0.00360 0.00643 0.00348 0.86247
9 14 1.32102±0.02992 -0.00815 0.11737±0.00293 0.09544±0.01246 0.18678±0.10808 0.03538 0.10007 0.00092 0.00164 0.02033 0.51804
9 15 0.95782±0.00971 -0.65453 0.39151±0.00979 0.31892±0.02876 0.18540±0.07623 0.02014 0.05423 0.02213 0.03948 0.02036 0.11863
9 16 0.82272±0.00681 -1.22120 0.32819±0.00820 0.21530±0.03695 0.34398±0.11379 0.01732 0.04722 0.04926 0.08788 0.01640 0.04287
Table F.32: Pass 3 Target LD2, Energy 362, Octant 8, sbfil= 1.00000 ± 0.00500, r= -0.73885
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